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PREFACE. 


This  text-book  on  Chemistry  is  intended  for  the  use 
of  Schools  and  CoHeges.  It  embodiea  the  valuable 
parts  of  the  work  on  the  same  subject  published  by  my 
father  Ju  1846,  which  satisfied  so  completely  the  public 
wants  that  it  passed  through  mora  than  forty  editions. 

It  has  been  found  necessary  to  make  this  book  larger 
than  that  by  a  hundred  pages,  and  to  incorporate  a  very 
considerable  number  of  new  illustrations,  in  order  to 
bring  the  subject  fully  up  to  the  present  time.  A  free 
use  has  been  made  of  all  the  most  recent  authorities, 
both  in  English  and  other  languages,  and  it  is  believed 
that  nothing  essential  for  the  student  has  been  omitted. 

The  form  the  book  has  taken  has  been  determined  by 
long  experience  in  teaching,  not  only  at  the  University, 
but  also  in  the  many  Colleges  and  Schools  where  the 
former  text-book  has  been  and  is  used.  The  subject  is 
presented  in  the  most  practical  way,  all  needless  techni- 
calities are  avoided,  and  the  facts  arc  stated  in  plain 
language  suited  to  the  class-room. 

At  the  bottom  of  each  page  a  series  of  questions  will 
be  found ;  they  are  intended  to  assist  a  teacher  in  point- 
ing out  the  move  essential  facts.  The  copiousness  of 
illustration  will  also  prove  to  be  of  material  advantage 
in  schools  where  there  is  a  deficiency  of  appar.Uus  for 
experiment. 

ITenkt  Deapf.k,  M.D. 


■sill,  of  Neir  York,! 
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INTUOUUCTION, 


LECTUKE  I. 
HiSTOKY  or  Chemistky. —  Chemiatry  the  /Science  of 
Analysis  and  Synthesis. — Its  early  Sistory, — Alche- 
my.— The  FMlosopher's  Stone. — The  Mixir  of  Life. 
— Discovery  of  the  strong  Adids. — 2%e  second  Stage 
of  Chemistry,  —  Cause  of  the  Union  of  JBodies,  — 
IDoctnnc  of  Adds  and  Alkalies.  —  A^nity.  —  The 
Mectro- Chemical  Theory. — BaUwi's  Atomic  Theory. 
— Atoms  and  Interstices. — Atoms  attracted  toget/i^r 
by  Cohesion  and  repelled  hy  Heat.  —  Experimental 
IHual/rations. 

Chbmistet  m^  be  defined  as  the  Science  of  Analysis 
and  Synthesis.  It- deals  with  the  atoms  of  which  bod- 
ies are  composed,  and  investigates  the  changes  of  form 
and  properties  they  sufier  by  decompositions  and  com- 
binations. It  leaves  to  Natukal  Philosophy  the  de- 
scription of  the  action  of  masses  of  matter  upon  one  an- 
other. 

Chemistry  has  existed  from  the  earliest  times,  having 
been  brought  into  Europe  from  the  East.  At  first  con- 
,  sisting  of,  a  few  isolated  facts,  which,  as  their  number 
increased,  were  grouped  together  by  the  £ud  of  varione 
hypotheses,  it  has  in  recent  times  acquired  precision,  and 
come  to  be  regarded  as  one  of  the  exact  sciences.  The 
^reat  progress  which  it  made  in  the  Middle  Ages  was 
due  to  the  impression  then  existing,  that  by  its  aid  men 
might  discover  the  means  of  transmuting  the  baser  into 
the  nobler  metals,  might  learn  how  to  turn  lead  into 
gold.  The  desire  of  acquiring  wealth  suddenly  was  the 
moving  spring  that  tempted  many  to  waste  their  entire 
possessions  in  long-continued  experiments.     Alchemy, 

What  nre  the  ohjecta  of  chemistry?  "Wliat  does  Natural  Philoso- 
phy treat  of?  What  ia  the  early  history  of  chemistry?  Whnt  is 
meant  by  Alchemy? 
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2  HI8T0KT   OF  CHBMISTET. 

the  Chemistry,  the  art  of  making  tbe  precious  metals, 
US  tlie  eoience  was  termed  by  the  Ai'abians,  pursued  au- 
otber  equally  unattainable  end,  tbe  search  for  the  Elixir 
of  Life,  by  which  existence  might  be  indefinitely  pro- 
longed. The  alchemists  supposed,  as  gold  was  the  no- 
blest of  the  metals,  that  if  it  could  be  obtained  in  a  dis- 
solved condition,  potable  gold,  the  problem  would  bo 
solved. 

In  tbe  prosecution  of  sucli  investigations,  conducted 
by  many  poi'sons,  aud  with  the  utmost  ardor,  great 
facts  could  not  fail  to  be  continually  found  out,  facts 
which  form  tbe  solid  basis  of  modern  chemistry.  Of 
these,  the  most  important  ivaa  the  discovery  of  tlie 
strong  acids.  Nitric  acid  was  procured  by  lijafar,  or 
Gteber,  toward  tbe  end  of  the  eighth  century,  by  distil- 
ling Cyprus  vitriol,  alum,  and  saltpetre  together ;  and 
aqua  regia  was  formed  by  the  additio]i  of  sal  ammoniac 
to  that  acid.  In  the  ninth  century,  Rhazes  described 
sulphuric  acid,  having  prepared  it  by  the  distillation  of 
green  vitriol ;  he  also  obtained  absolute  alcohol  by  the 
action  of  quick-lime  on  spirit  of  wine. 

When  we  recollect  that  previous  to  this  time  vinegar 
was  the  strongest  acid  known,-  it  will  be  at  once  per- 
ceived how  greatly  the  powers  of  the  chemist  were  in- 
creased. He  could  decompose  substances  which  had 
hitherto  proved  entirely  intractable,  and  could  form  a 
lai-ge  number  of  new  compounds. 

The  discovery  of  aqua  regia,  the  solvent  for  gold,  by 
Geber,  and  the  soon-proved  inefiicacy  of  potable  gold  to 
prolong  life,  gave  a  death-blow  to  that  jjhase  of  alche- 
my. Tbe  transmutation  of  metals  is  still  sought  for, 
because  no  demonstration  of  its  impossibility  baa  been 
ofl'ered.  Indeed,  the  mass  of  evidence  looks  the  other 
way,  and  many  eminent  chemists  are  willing  to  admit 
that  it  may  at  any  time  be  accomplished.  _  The  pursuit 
of  the  elixir  of  life  ended  in  the  introduction  of  chemis- 
try into  medicine,  Basil  Valentine  publishing  a  treatise 
on  the  virtues  of  antimony  in  the  fifteenth  century,  and 
Paracelsus  introducing  mercury  as  a  specific  in  certain 


What  is  the  Elixir  of  Life?    Wliat  great  facta  w 
tl:e  al(:hemi3t3?    Whj  was  the  iliscovery  of  the  acids  important? 
What  is  potaWe  gold,  and  its  use?    la  ti"anamutation  of  the  metals 
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aifections  in  the  sixteenth.  Van  Helmont,  who  first 
used  the  term  gases,  was  the  last  alchemist  of  any  note. 

The  second  stage  in  the  progress  of  ohemistiy  may  be 
regarded  as  ori^inatine  in  attempts  to  investigate  the 
reason  of  the  union  of  oodies.  Alchemy  left  a  mass  of 
facta  without  order  or  arrangement,  having  no  connec- 
tion with  one  another,  Sylvius,  a  Dntch  physician, 
born  in  1614,  was  the  author  of  the  doctrine  of  acids  and 
alkalies,  and  their  neutralization,  his  leading  idea  beuig 
that  for  substances  to  enter  into  union  they  must  pos- 
sess opposite,  and  not  similar  qualities.  He  showed  that 
a  compound  may  diiFer  altogether  in  properties  from 
the  bodiea  from  'wliicli  it  lias  been  formed ;  thus,  sul- 
phuric acid,  a  sour,  corrosive  liquid,  uniting  with  lime, 
a  caustic  solid,  produces  sulphate  of  lime,  an  inert  body. 

This  doctrine  of  the  afflni^  of  substances  of  opposite 
natures  was  developed  by  Geoffroy,  who  constructed 
tables  showing  the  graduated  or  elective  affinity  of  bod- 
ies for  one  another,  some  exhibiting  a  weaker  and  oth- 
ers a  stronger  disposition  to  unite  with  a  given  sub- 
stance. These  tables,  which  are  even  now  of  considera- 
ble use,  do  not,  however,  represent  the  order  of  affinity, 
but  only  of  decomposition,  on  account  of  the  intorfer- 
enco  of  certain  external  agents,  such  as  temperature, 
solubility,  cohesion. 

Eventually,  it  was  stated  by  Davy,  in  his  electro- 
chemical theoiy,  that  the  condition  determining  tho 
union  of  bodies  is  that  they  must  be  in  opposite  electri- 
cal conditions.  Thus,  for  example,  potash  is  composed 
of  potassium,  an  electro-positive  metal,  and  oxygen,  an 
electro-negative  gas.  On  this  theory,  all  bodies  belong 
to  one  of  two  groups,  electro-positive  or  electro-nega- 
tive, depending  on  which  pole  they  pass  to  when  com- 
pounds containing  them  are  decomposed  by  a  voltaic 
curi'ent.  Chemical  affinity  is  therefore  an  electrical  phe- 
nomenon. Although  apparently  simple,  difficulties  of  a 
formidable  kind  present  themselves  to  this  hypothesis. 
The  doctrine  has  received  its  utmost  development  by 
the  researches  of  Faraday,  to  be  described  liereafter. 

What  was  tlie  second  stage  of  chemistry?  Wlmt  is  the  doctrine 
of  noide  and  alkalies?  ^hat  aro  GeofFTOj-'e  tables?  What  do  Ihej- 
indicate?  What  does  the  electro-chemical  theoiy  affirm?  What 
tivo  groups  are  bodies  divided  into  ? 
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of  oxygen,  must  be  o 
esa.  Ill  the  ease  of  Bufa- 
re  than  one  compound, 
conaponnda  bear  a 
of  carbon  iveighing  s 


4  HISTORY   OF  CHEMISTRY. 

Dalton's  atomic  theory  accounts  for  the  nnion  nf  bod- 
ies in  definite  proportions  by  supposing  that  they  con- 
sist of  atoms,  or  indivisible  portions,  and.  that  in  tlie 
case  of  each  substanee  the  atom  has  a  definite  and  spe- 
cial weight.  Thus,  the  hydrogen  atom  being  taken  as 
the  unit,  tlie  atom  of  oxygen  is  eight  times  as  heavy, 
that  of  sulphur  sixteen,  that  of  gold  a  hundred  and 
ninety-seven.  The  weight  of  an  atom  of  water,  consist- 
ing of  one  of  hydrogen  and  on 
and  can  not  be  either  more  or 
stances  combining  to  form  m 
the  proportions  found  i 

simple  relation ;  thus,  ^       ^ 

may  combine  with  one  of  oxygen  ■weighing  eight  to 
form  carbonic  oxide,  or  with  two  of  oxygen,  weighing 
sixteen,  to  form  carbonic  acid,  but  no  intermediate  pro- 
portions are  possibJe. 
The  atoms  of  which  bodies  consist  are  not  in  contact, 
p:„  1  but  are  separated  by  interstices,  or 

intervals.  The  distance  by  which 
they  are  separated  admits  of 
change  by  external  agents.  If,  for 
example,a  metallic  ball,  JJgr.l, be 
so  adjusted  to  a  ring  that,  when 
cold,  It  wilt  just  pass  through  it, 
on  subjecting  the  ball  to  heat  it 
will  be  found  to  have  dilated,  and 
will  no  longer  pass  throngh,  but 
will  remain  sustained.  On  allow- 
ing it  to  cool  in  that  position,  it 
contracts  again  to  its  former  size, 
and  will  fallthrongh  the  ring  spon- 
taneously. The  heat  has  in  this 
case  partially  overcome  the  mutu- 
al attraction  of  the  atoms  composing  the  metal ;  they 
jiave  receded  from  one  another,  and  an  enlargement  is 
the  result.  As  the  heat  in  the  latter  part  of  the  exper- 
iment radiates  away,  cohesion  again  draws  the  atoms 
together  to  their  original  distance. 

Wliat  docs  the  .ilomic  theory  affirm  ?  Wliat  i?  tlie  weight  of  an 
atom  of  Iij-drogen ?  of  oxygen?  of  ivatoi'?  How  are  atoms  sepa- 
rated? Descrihe  the  apparatus  Fiif.  1.  Wliat  ivas  the  effect  of  tlio 
heat? 
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IHSTOUY   OF 

By  tliG  influence  of  pvessuro  we  may 
te  the  same  fact,  that  atoms 
ted  by  variable  intei-vaia.  Let 
a  glass  tube,  al>  c,  Fig.  2,  bent  as  repre- 
sented, be  partly  filled  with  water.  On 
exerting  pressure  by  the  aid  of  the  pis- 
ton e,  the  columQ  of  air  in  a  h  may  be  ^ 
made  to  diminish  in  size.  The  atoms 
ofwhichthedrconsistshaveapproaehcl 
one  another,  and  the  size  of  the  intei 
vening  interstiees  has  been  lessened 

Heat  exercises  a  simtlai"  effect  in  the  C 
ease  of  gaaea  to  that  exhibited  in  solids 
This  is  shown  by  the  apparatiia  Fig  3,  \a 
glass  bulb  tevminating  in  a  tube,  b,  dip 
pingbelo^T  the  surface  of  some  watei  m 
a  vessel,  c.     On  warming  the  bulb  a  bv 
the  hand,  the  liquid  originally  standiu^ 
at  the  point  b  descends,  indicating  thit 
the  air  in  a  has  expanded.    Its  atoms 
have  been  forced  apart  by  the  heat 

By  decreasing  the  pressure  exerted  by 
the  atmosphere  we  may  also  cause  an  in 
crease  in  the  size  of  the  interstices  of  i 
substance.    In  Fig.  4,  o  is  a  glass  globe 
nearly  filled  with  water,  but  containing  a  bubble  of  t 
at  the  npper  part.    Its  neck,  6,  descends,         j,,„  ^ 
air-tight,  thvoagb  the  top  of  a  bell-jai ,  d, 
and  terminates  in  a  vessel  of  water. 
On  exhausting  the  air  from  the  belljai 
by  the  air-pump,  the  bubble  of  an,  «, 
will  be  seen  to  expand,  and  will  cventn 
ally  fill  the  entire  bulb  and  tube     On 
restoring  the  pressure  of  the  air,  the  biib 
ble  contracts  to  its  former  size. 

An  illustration  of  cohesion,  the  toicc 
that  opposes  heat  in  the  regulation  ot  m 
terstices,  is  seen  in  the  experiment  of  thi, 
bullets.  If  two  leaden  bullets  have  each 
ft  bright  spot  pared  upon  it,  and  the  two  be  then  pressed 

DeaciVbe  Fig.  2.  What  fact  doesi^sj.  3  illuati-ate?  Howmay  tho 
intersticee  between  atoms  be  enlavf-Eil?  Describe  ^■'17.  i.  Describe 
the  expetimont  of  the  leaden  buliets. 
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closely  togetlier,  they  coheve,  and  can  on]y  be  pavlecl 
by  the  exertion  of  considerable  force. 

The  distance  through  which  these  forces,  attraetioa 
and  repulsion,  act,  is  very  minute ;  for  if,  in  the  above 
experiment,  the  bullets  be  Beparated  by  the  smallest  in- 
terval, no  attraction  ensues ;  they  must  be  forced  to- 
j,,.  f,  gethev  till  less  than  a  millionth 

,  of  an  inch  intervenes,  as  was 

shown  by  Newton,    The  same 
fact  is  proved  by  the  apparatus 
Fig.  5,  which  consists  of  a  plate 
-s^^^V"  /  \<^    ^^  glass,  a,  supported  over  some 

/S^°  Ji  ^  mercury  in  a  cup,  e.  To  the 
°  °    other  arm  of  the  balance,  5  c,  ia 

hung  a  pan,  d,  containing  weights.  As  long  as  the 
glass  and  mercury  are  not  in  contact  no  attraction  is 
exhibited,  but  immediately  they  touch  a  considerable 
weight  must  be  put  into  d  to  draw  them  apart. 

The  atomic  theory  forms  the  foundation  of  modern 
chemistry,  and  ia  applicable  not  only  to  the  combina- 
tion of  elements,  but  also  to  combinations  of  their  com- 
pounds. As  WQ  shall  see  in  organic  chemistry,  there 
ai-e  bodies  which  act  lite  elements  whose  atoms  or  mole- 
cules are  exceedingly  complex,  containing  several  ele- 
ments and  many  atoms  of  each. 
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LECTURE  II. 


IIiSTOBY  Off  Chehistet. — The  third  Stage  of  Ckemis- 
t'V- — Investigation  of  the  Nature  of  Bodies. — An- 
cient Dociyines. — The  FhlogiBtic  Theory. — Lavoisier 
introduces  the  Use  of  the  Balance. — Ihe  Nbmenda- 
txtre  and  Symbols. — Th&  fourth  Stage. — Assertion  of 
the  IndestmctibUity  of  Matter.  —  Correlation ,  and 
CoiTsefvation  of  Force. — lUustrafions  of  Cotiverti- 
bility  of  Force.  —  Atoms  regarded  as  Centres  of 
Force. 

At  the  same  time  that  the  investigations  terminating 
ill  the  atomic  and  electro-chetaical  theojies  were  being 
carried  on,  the  third  stage  of  chemistry,  the  examina- 
tion of  the  nature  of  bodies,  was  in  progress. 

In  ancient  times  it  was  supposed  that  there  were  four 
elements,  earth,  air,  fire,  and  water,  and  that  fi'om  them 
arose  all  known  substances.  The  alchemists  introduced 
as  a  substitute  the  doctrine  that  the  three  components 
of  all  bodies  were  salt,  sulphur,  and  mercury,  and  that 
their  diffevence  of  properties  arose  from  variation  in  the 
proportions.  Hence  transmutation  was  pos^ble.  To 
these  elements  Stabl  added  phlogiston,  the  principle  of 
inflammability,  and  by  its  aid  chemists  were  enabled  to 
explain  all  phenomena  until  the  beginning  of  this  cen- 
tury. For  example,  when  metallic  earth,  or  calx,  was 
brought  into  its  reguline  or  metallic  form,  it  was  sup- 
posed to  have  imbibed  a  certain  propoi-tion  of  phlogis- 
ton. On  subjecting  the  metal  to  the  action  of  fire,  if, 
as  in  the  case  of  lead,  it  returned  to  the  earthy  condi- 
tion, it  was  said  that  the  phlogiston  had  been  expelled. 
The  reduction  of  what  we  now  term  oxides,  by  the  aid 
of  charcoal,  was  asserted  to  be  due  to  the  fact  that  char- 
coal contains  a  large  proportion  of  phlogiston,  and  read- 
ily imparts  it  to  the  metal.    The  metals  were  compounds 

What  were  the  four  elemontB  of  antiquity?  Whnt  were  the  cle- 
menls  of  the  alohcmisis  ?  What  addition  did  Stabl  niako  to  tlioro? 
How  did  ho  explain  tlio  action  of  lire  onmetala? 
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of  calx  and  phlogiston ,  tbe  calx  or  oxide  teing  the  sim- 
ple body. 

The  phlogiston  theoiy  was. destroyed  by  Lavoisier, 
■who,  by  the  introduction  of  the  balance  into  such  inqui- 
ries, showed  that  the  metai  gains  in  weight  when  it 
assumes  the  earthy  appearance  under  the  influence  of 
fire  and  air,  and  that  the  air  loses  as  much  as  the  metal 
gains.  The  advocates  of  the  old  theory  attempted  to 
account  for  this  fact  by  assuming  that  phlogiston  was  a 
principle  of  levity,  and  in  combmation  rendered  bodies 
lighter.  It  was  regarded  as  identical  with  hydrogen, 
or  phlo^sticated  air,  as  that  gas  was  called, 

with  the  introduction  of  the  balance,  chemistry  be- 
came at  once  an  exact  science.  The  proportions  in 
which  elements  combine  to  fonn  compounds  were  as- 
certained with  precision,  and  the  experiments  necessary 
for  the  completion  of  the  atomic  theory,  by  determining 
the  atomic  weights,  of  bodies,  were  undertaken.  An 
element  was  defined  to  be  a  body  not  decomposable  by 
any  known  agency. 

At  the  same  epoch  the  defects  in  the  system  of  nam- 
ing snbstances  were  remedied  by  substitntiag  for  the 
old  arbitrary  titles,  such  as  gi'een  vitriol,  Epsom  salts,  a 
new  nomenclature,  and  a  language  of  symbols.  Every 
substance  was  named  according  to  its  composition,  and 
its  constitution  clearly  expressed  by  a  ehoit  formula. 
This  improvement  is  due  to  a  commission  of  French 
chemists,  Lavoisier,  De  Morveau,  BerthoUet,  and  Fonr- 
croy.  Although  the  present  wants  of  chemistry  are 
hardly  supplied  by  this  nomenclature,  yet  it  has  worked 
its  way  into  tho  arts,  and  been  so  generally  adopted, 
that  a  better  successor  than  any  yet  proposed  will  have 
to  be  found  before  it  can  be  displaced. 

The  li^t  stage  through  which  chemistiy  has  com- 
menced to  pass  is  that  asserting  the  indestructibility  of 
matter.  In  the  old  time,  when  a  substance,  as  carbon, 
for  example,  was  exposed  to  the  action  of  fire  and  dis- 
appeared from  view,  it  was  supposed  to  have  been 
destroyed  or  dissipated.      At  the  same  period  it  was 

By  whom  was  the  balance  introduced  into  cheniistrj'?  What 
eonseilueiices  ensued  ?  AVhy  was  phlogiston  assumed  to  be  a  prin- 
ciple ofleritj?  Hmv  was  the  nomenelature  inlradueed?  What  is 
tho  last  stage  of  chemistry  ? 
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imagiucd  that  uciv  bodies  could  be  created  from  iiotb- 
ing. 

Hut  the  discovery  of  carbonic  acid  by  Black  and  ox- 
ygen by  Priestley  led  to  another  explanation  of  com- 
bustion, and  proved  that,  although  in  that  operation 
bodies  may  cJiange  their  form,  their  atoms  still  exist, 
and  may  be  recovered.  In  the  burning  of  carbon  the 
atoms  are  not  destroyed,  but  only  take  on  a  gaseous 
form,  and  by  the  action  of  the  leaves  of  plants,  under 
the  influence  of  sanlight,  may  be  brought  again  into  a 
visible  condition.  If,  in  a  closed  flask  of  air,  counter- 
poised on  the  arm  of  a  balance,  a  few  grains  of  gun- 
Xfowder  be  exploded,  though  the  solid  has  disappeai'ed 
from  sight,  the  contents  of  the  flask  weigh  as  nrnch  as 
ever;  that  aiin  of  the  balance  does  not  move  upward. 

To  the  doctrine  of  the  indestructibility  of  matter  has 
been  added  that  of  the  correlation  and  conservation  of 
force.  By  these  terms  it  is  implied  that  fores  is  equal- 
ly indestructible  with  matter,  bwt  that,  in  addition,  it 
may  present  a  variety  of  transformations.  It  may  be 
stored  up,  or  disappear  in  a  latent  state,  as  in  the  case 
of  heat  and  light  concealed  in  plants,  and  ori^nally  de- 
rived from  the  son.  Heat,  light,  electricity,  motion,  are 
ail  regarded  as  mutually  convertible  without  loss.  The 
conversion  of  motion  into  heat  may  be  illustrated  by 
in  experiment  If  'v  jniece  of  metal  tube,  closed  at  the 
bottom  be  so  ainm>ed  1   I  i    lu  to  be  set  in  rapid  rev- 


olit  oi    on  hllug  It  ^ith  coll  water,  and  causing  its 
c\t  to  1     compies^Llby  a  pair  of  hinged  pieces  of 

How  may  it  be  shown  that  mntter  is  not  destructible  ?  Wliat  is 
meant  by  correlation  and  eonservatiou  of  force?  Explain  the  ex- 
periment illustrated  in  Fig.  C. 
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wooci,  T,  the  friction  will  produce  in  a  few  iiiiimtes  Jieat 
enough  to  boil  the  water.  If  a  cork  be  inserted  into 
the  mouth  of  the  tube,  it  will  bo  violently  expelled  after 
a  short  interval. 

Many  experiments  showing  these  conversions  might 
be  described.  By  a  thermo-electric  pile,  heat  may 
be  converted  into  a  cun-ent  of  electricity,  magnetism 
produced  in  a  coil,  chemical  affinity  exhibited  in  the  de- 
composition of  solutions,  and  light  ^ven  out  in  the 
sparts. 

The  doctrine  of  the  conservation  of  force  is  by  no 
means  new,  having  been  asserted  by  the  Arabians,  who 
iQclttded  tho  force  exhibited  in  the  animal  functions, 
even  intellection,  in  the  same  category. 

Id  order  to  obtain  a  clear  idea  of  the  properties  of  the 
elements  it  will  be  first  needful  to  «nter  somewhat  in 
detail  into  a  description  of  the  forces  acting  upon  them 
— beat,  light,  and  electncity.  Matter  can  not  exist  ex- 
cept under  their  influence,  and  they  can  not  manifest 
themselves  without  it.  It  must,  however,  be  borne  in 
mind  that  eminent  men  have  been  found  in  ancient 
times,  and  also  at  the  present  epoch,  who  entirely  deny 
the  existence  of  matter;  and,  carrying  the  atomic  theo- 
ry one  step  farther  than  it  is  here  set  forth,  assume  that 
the  so-called  atoms  are  nothing  but  centres,  or  foci,  of 
force. 

What  eiFecta  may  be  prodnced  by  a  thevmo-electrio  pile?  Who 
Kerc  the  inventois  of  the  doctrine  of  tUe  '  -  -    -    « 

What  are  tlie  forces  of  cbevnistiy  ? 
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LECTURE  in. 
Heat, — Two  Hypotliesea  of  the  JVaticre  of  Seat,  the 
Material  and  the  Mechanical. — Inflxmice  of  Heat  on 
Inorganic  and  Organic  Substances. — l¥ansferencf3 
and  Equilibrkim.  of  Meat. — JSeat  affects  the  Magni- 
tude of  Bodies  and  their  Form. — Affects  Measures 
of  Time  and  Space.  —  Determines  the  Distributiwi 
of  Animals  and  Fiants. 

There  are  two  hypotheses  of  the  nature  of  heat,  the 
first  of  which  regards  it  as  a  material  subBtance,  with- 
out weight,  having  a  s elf-rep ui si ve  power,  and  an  al> 
traction  for  the  particles  of  matter.  The  second  sup- 
poses it  to  be  a  result  of  the  vibration  or  movements  of 
the  atoms  of  which  bodies  are  composed,  and  is  termed 
the  mechanical  theory  of  heat.  It  also  attempts  to  in- 
dicate with  precision  the  exact  mechanical  equivalent 
of  heat,  expressing  it  in  "foot-pounds,"  a  term  signify- 
irig  the  falling  of  one  pound  a  foot.  Thus  it  ia  said  that 
the  heat  necessai-y  to  raise  a  pound  of  water  one  degree 
i«  temperature  is  equal  to  772  foot-pounds. 

So  gieat  is  the  control  heat  exercises  over  chemical 
changes  that  few  experiments  can  be  made  in  which 
transtoi  mations  take  place  ■without  disturbance  of  t*em- 
peiatuie,  sometimes  heat  and  sometimes  cold  being  pro- 
duced 

In  the  organic  world,  also,  heat  plays  an  equally  im- 
portant part.  Life  can  only  be  sustained  within  a  nar- 
row i-ange  of  temperature,  tlie  one  hundred  and  eighty 

How  many  hjpotliosca  nre  tlienj  of  the  nature  of  heat?  Describe 
each.  Whnt  is  Ihc  meaning  of  tlie  term  foot-ponnd  ?  'What  qnaii- 
tily  of  heat  is  required  to  raise  it  jiound  of  wftter  n  degree  ?  Ex- 
plain the  control  of  heat  over  the  organie  world. 
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degrees  ■which  interveaie  between  the  boiling  and  freez- 
ing points  of  water;  and,  iiid^d,thelimita  are  narrow er 
than  that,  for  in  the  higher  tribes  a  very  slight  varia- 
tion from,  a  fixed  degree  causes  the  operations  of  tlie 
body  to  be  serionsly  interfered  with,  or  even  stopped 
altogether. 

When  an  ignited  mass,  as  a  led-hot  bali,  is  placed  in 
the  middle  of  a  room,  common  observation  satisfies  ns 
that  it  rapidly  loses  its  heat,  its  temperature  descending 
until  it  becomes  the  same  as  that  of  tlie  suiTounding 
■walls  and  other  bodies.  This  loss  is  due  to  several 
causes.  A  part  of  the  heat  is  carried  away  by  contact 
with  the  stand  wliicli  supports  the  ball,  a  part  by  cer- 
tain motions  established  in  the  surronnding  air,  and  a 
part  by  radiation.  This  removal  passes  under  the  name 
of  trans/ereiiee ;  and  as  soon  as  the  temperature  has 
declined  to  that  of  the  adjacent  bodies,  an  eqidlibriitm 
is  said  to  have  been  attained. 

There  are  two  methods  by  which  calorie  can  be 
transferred;  1st.  By  radiation ;  2d.  By  convection. 
Of  the  former  we  have  two  varieties — general  radiation 
and  interstitial  radiation. 

Substances,  no  matter  wbat  their  form,  solid,  liquid, 
Pin.  T.  or  gaseous,  expand  by  increase  of  heat. 
The  experiment  Mff.  1  shows  this  fact  in 
the  case  of  a  metallic  ball.  That  the  same 
is  true  of  liquids  is  proved  by  taking  a 
glass  tube,  a  h,  Fig.  ^,  open  at  one  end, 
but  having  a  bulb  blown  on  the  other. 
The  balb  and  part  of  the  tube  to  b  being 
filled  with  -water  or  any  other  liquid,  a 
spirit-lamp  is  to  be  applied.  The  flnid 
soon  commences  to  Bise  in  the  tube  h,  the 
dilatation  increasing  with  the  temperatnre. 
If  the  tube  be  emptied  of  the  ttuid,  and 
inserted,  as  in  Mg.  8,  in  a  glass  of  water, 
the  expansion  of  gaseous  substances  can  be  shown;  for, 
on  warming  the  bulb  «,  the  air  it  contains  expands,  and 
escapes  in  bubbles  through  the  water  in  c. 

Describe  Iho  mnnner  in  which  a  red-liot  ball  cools.  Define  tho 
term  tvansfevcnoe  of  lient.  Define  the  tci'm  eqnilibiium  of  heat. 
H»  whnt  mctiiods  mny  heat  be  tmnsferreil.  Describe  Fig.  T.  De- 
scribe Fig.  8. 
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Solids,  liquids,  and  gases  expand, 
therefore,  as  their  tempevatuie  rises, 
and  contract  as  it  falls.  The  size  of 
all  objects  is  determined  hy  tlieii' 
temperature.  A  measure  which  is  a 
yard  long  in  summer  is  shorter  in 
winter;  a  vessel  which  holds  a  gal- 
ion  in  winter  holds  more  in  eummer.  "" 
The  appearance  of  Btationwy  magni- 
tude of  such  objects  is  altogether  a 
delusion.  They  change  with  every 
hour  of  the  day. 

Heat  also  determines  the  foi-m  of  bodies ;  tliat  is, 
whether  tbey  shall  be  solid,  liquid,  or  gaseous.  A  mass 
of  ice  raised  to  33°  melts  into  water,  a  liquid ;  and  if 
the  water  be  heated  to  212°  it  turns  into  ateam,  a  gas. 
The  water  is  thus  made  to  exhibit  all  the  forms  of  mat- 
ter by  change  of  temperature. 

In  the  same  manner  that  it  affects  our  measures  of 
space,  heat  affects  our  measures  of  time.  Clocks  and 
watches  measure  time  by  the  vibrations  of  pendulums 
or  the  oscillations  of  balance-wheels,  the  uniformity  of 
the  action  of  which  depends  on  the  uniformity  of  their 
size.  When  the  temperature  rises,  the  rod  of  a  pendu- 
lum lengthens,  and  its  vibrations  are  made  more  slow- 
ly ;  the  clock  to  which  it  is  attached  loses  time.  When 
the  temperature  declines,  the  pendulum  shortens;  it 
beats  too  quickly,  and  the  clock  gains.  Similar  obser- 
vations may  be  made  in  tho  case  of  watches.  To  obvi- 
ate these  difficulties  many  contrivances  have  been  in- 
vented, such  as  the  gridiron  pendulum  and  the  compen- 
sation balance-wheel.  Advantage  has  also  been  taken 
of  such  substances  as  expand  but  little  for  a  given  ele- 
vation of  temperature,  and  thus  excellent  clocks  have 
been  made,  the  pendulum-rods  of  winch  were  formed 
of  a  slip  of  marble,  or  a  rod  of  baked  ^\'ood  varnished. 

Natural  as  well  as  artificial  measures  of  time  depend 
on  heat.  Oar  unit  of  time,  the  day,  is  the  period  occu- 
pied by  one  rotation  of  the  earth  on  her  axis.     The  time 

What  effect  has  lieat  on  llio  siza  of  bodies?  Wliiit  is  meant  by 
tlie  term_/(mJi  of  bodies?  Hoiv  may  water  be  made  to  exhibit  all  the 
fovms  of  matter?    Describe  tlie  manner  in  ivlikh  beat  affects  meas- 
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of  rotation  is  influenced  by  the  teniperaturo  of  her  mass; 
if  it  should  fall  she  would  become  less  in  diameter,  and 
would  rotate  more  quickly.  Thus,  when  we  tie  a 
weight  to  the  eud  of  a  string,  and,  whirling  it  round  in 
the  air,  permit  the  thread  to  twine  round  one  of  our  fin- 
gers, as  it  shortens  the  revolution  of  the  weight  be- 
comes quicker.  From  such  reasoning  we  ascertain  that 
the  temperature  of  the  globe  has  not  fallen  in  2000 
years,  because  astronomical  obsei"vations  show  that  the 
length  of  the  day  has  not  shoiteied  in  that  time  t^tt 
of  a  second.  There  was,  however,  a  period  when  the 
earth  was  a  molten  mass- 

The  distribution  of  heat  on  the  earth's  surface  de- 
termines the  distribution  of  animals  and  plants.  In 
each  climate  animals  whose  constitution  suits  it  have 
appeared.  The  monkey  only  lives  in  the  ton-id  zone, 
and  dies  of  consumption  in  our  latitude ;  the  white  bear 
prefers  the  frigid  regions.  Man,  from  the  control  he 
acquires  by  diet,  houses,  clothing,  and  fire,  can  live  in 
any  region,  although  his  physical  appearance  and  men- 
tal powers  are  affected  by  a  prolonged  residence  in  an 
unpropitions  and  unusual  climate.  The  types  of  plants 
vary  entirely  with  change  of  climate,  that  is,  change 
in  temperature,  vegetation  being  most  luxuriant  in  the 
tropics,  whUe  on  the  snow  of  the  polar  regions  the  red 
snow  alga  only  can  live.  The  same  changes  in  plants 
are  seen  in  ascending  a  high  mountain  as  in  making  a 
journey  toward  the  pole,  the  warmth  in  both  cases  de- 
clining, and  the  vegetation  becoming  less  and  less  vig- 

How  do  we  know  tliat  the  earth's  lempernture  has  not  fallen  in 
2000  years?  "VVna  it  ovsr  higlicr  than  at  present?  Wlmt  effect  hna 
heat  on  the  distribu lion  of  nnimals?  What  effect  oti  planls?  "Why 
Kan  miin  Uve  in  any  climate  ? 
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LECTTJBE  IV. 

ExPAHSiON  OP  Gases  and  Liquids. — Muclherg's  Laio. 
— Megtilmiiy  of  Gaseoits  Expansioii. — Hot-air  Sal- 
looji. —  Ohaaiges  in  Temperature  change  tlie  Volume 
of  a  given  Weight  of  Air. — Sanctorid'B  Thermome- 
ter.— Is  affected  hy  the  Fresswe  of  the  Air. —  The 
Diff^eintial  Themiometer. — Differing  Mepansion  of 
Jjtquids. — Slieir  irregular  Mqyansion. — The  Merm- 
Hal  Thermometer. — The  Mihrenheit,  Centigrade,  aruV 
JReaumur  Scales. 

Ip  we  compare  together  the  three  forms  of  bodies  as 
respects  their  changes  of  volume  under  the  influence  of 
heat,  ive  shall  find  that,  for  a  given  rise  of  temperature, 
gases  expand  the  most,  liquids  intermediately,  and  sol- 
ids least  of  ah.  To  this  rule  but  few  exceptions  are 
known;  liquid  carbonic  acid, however,  expands  about 
four  times  as  much  as  any  gaseous  body. 

When  heated  from  the  freezing  to  the  boiling  point 
of  water, 

1000  cubic  inches  of  iron  become       ....     1004 
1000       "  "      ivaWr      "  ....      104.^> 

lOOO       "  "       ait  "  ....      IStia 

Experiment  has  proved  that  gases  diifyr  among  them- 
selves in  expansibility,  though  the  differences  are  not  to 
any  great  extent.  Those  which  can  be  liquefied  expand 
the  most.  For  the  permanently  elastic  gases,  atmos- 
pheric air  may  be  taken  as  the  type.  The  experiments 
of  Radberg  and  later  philosophers  show  that  it  expands 
^fi-  of  its  volume  at  32°  for  every  degree  of  Fahrenheit's 
thermometer.  As  the  same  quantity  of  gas  occupies  very 
different  volumes  at  different  temperatnres,  it  is  n'eces- 
sary,  in  this  and  other  such  cases,  to  state  some  special 
temperature  at  which  the  estimate  of  its  volume  is  made. 
The  same  gaseous  mass  occupies  a  much  greater  space 
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at  75°  than  it  does  at  32°.  In  the  instance  before  ns  ive 
eonsidev  the  original  volume  to  be  that  which  the  gas 
would  have  at  32°,  and,  aa  has  heen  said,  every  degree 
above  that  point  will  increase  tho  vohime  by  -^^  of  tho 
bulk  it  then  possessed. 

Gases  expand  with  uniformity  as  their  temperature 
increases.  Ten  degrees  of  heat  produce  the  same  rela- 
tive effect,  whether  applied  at  a  low  or  at  a  high  tem- 
perature. This  regularity  probably  arises  from  the 
want  of  cohesion  which  tho  gaseous  particles  exhibit. 
As  wo  shall  presently  see,  it  is  not  observed  in  the  case 
.of  liquids  and  solids. 

The  change  in  specific  gravity  of  air,  when  it  is 
warmed,  is  one  of  the  causes  of  the  riso  of  Montgolfier 
balloons.  These,  which  were  invented  in  Fi'anee  in  the 
year  1782,  consist  of  a  bag  or  globe  of  Ijglit  materials, 
such  as  paper  or  silk,  with  an  aperture  at  the  lower 
part,  through  which,  by  the  aid  of  combustible  mate- 
lial,  as  ati  i\\  oi  shavings,  the  air  in  the  interior  may  bo 
Fj  0  rarefied.     On  a  small  scale,  they  may 

be  made  of  thin  tiisiie  paper,  pasted 
together  so  as  to  form  a  sphere  of 
^  two  or  three  feet  in  diameter,  Mg.  9, 
I  aperture  being  cut  in  the  lower 
^  portion  six  inches  or  more  in  width, 
and  beneath  it  a  piece  of  sponge, 
soaked  in  spirits  of  wine,  suspended. 
This  being  set  on  fire,  the  flame  rare- 
fies the  air  in  the  interior  of  the  bal- 
loon, which,  though  it  might  be  at  first  fla,ccid,  soon 
dUates,  and  tho  whole  apparatus  will  now  rise  in  the 
air  precisely  on  the  same  principle  that  a  cork  rises 
from  the  bottom  of  a  vessel  of  water. 

In  addition  to  the  heated  air,  the  vapor  of  water  that 
is  produced  from  the  burning  body  assists  in  the  as- 
cension, because  it  ia  lighter  than  air.  By  decline  in 
temperature,  the  heated  air  collapses  to  its  original  size, 
the  steam  condenses,  and  the  balloon  descends  to  the 
surface  of  the  earth  again. 

In  the    operation  of  cupping,  the  cupping-glass  re- 

Do  gases  expand  with  uniformity  ?  Describe  ths  constrnction  of 
tlie  Monl^olfier  balloon.  Why  does  it  rise  in  llie  air?  What  is  the 
cause  of  its  descent?    Describe  tho  opernlion  of  clipping. 
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ceivea  for  a  moment  the  flame  of  a  spirit-lamp,  and  is 
then  quickly  applied  to  the  surface  of  the  skin.  Tho 
vapor  of  water  condensing,  and  the  heated  air  contract- 
lug,  a  very  good  vacuum  can  be  made. 

As  the  volume  of  air  cliangea  bo  readily  with  the  tem- 
perature, becoming  less  when  cooled  and  greater  when 
warmed,  the  amount  of  air  that  a  given  measure  will 
hold  is  very  differect  at  various  places  on  the  eartli's 
surface.  A  vessel  that  will  hold  an  ounce^  weight  at 
the  mean  temperature  of  Kew-York  will  hold  more  in 
the  cold  polar  regions,  and  less  at  the  tropics.  In  tbe 
former  the  air  is  more  deuse,  because  it  is  in  a  con- 
tracted condition  by  reason  of  the  low  temperature,  and 
therefore  a  greater  weight  is  included  under  a  given 
volume;  in  the  latter,  the  reverse  is  tho  case.  The  in- 
fluence of  such  changes  in  the  bulk  of  the  air  is  well 
seen  in  the  Inca  Indians,  who  inhabit  tbe  elevated  pla- 
teaus near  the  city  of  La  Paz,  in  SouUi  America.  The 
size  of  their  bodies  is  much  greater  than  that  of  average 
men ;  and,  on  examination,  this  is  found  to  be  due  to 
increase  in  the  size  of  tbe  chest,  caused  by  the  larger 
lungs  that  they  require  in  order  to  secure  an  equal 
amount  of  oxygen. 

As  the  expansion  of  atmospheric  air  takes  place  with 
regularity  when  the  temperature  rises,  it  is  sometimes 
employed  to  measure  temperature.  The 
air-thermometer,  called  also  Sanctorio's 
thermometer,  hut  which  was  invented  by 
Galileo  about  1603,  consists  of  a  tube  of 
giass,  i'Ssfi',  10,  terminated  at  its  upper  end 
by  a  bulb,  a.  The  other  end  of  the  tube, 
being  open,  dips  beneath  the  surface  of 
some  colored  water  in  a  cup  or  reservoir, 
c,  which  serves  also  as  a  foot  or  support 
to  the- instrument.  The  bulb  and  part  of 
the  tube  are  full  of  air ;  the  remainder  of 
the  tube  is  occupied  by  the  colored  water,  " 
which,  by  its  movements  up  and  down,  indicates  chan- 
ges of  volume  in  the  included  air.  To  the  side  of  the 
tube  a  scale  of  divisions,  5,  is  aflixed.     The  tube  is  not 

Why  does  tlie  weight  of  air  in.  n  ftiven  measure  vary  in  ilifferent 
plnees?  "Whnc  is  the  peculinritj  of  the  Inca  Indians?  Describe 
Sonctovio'a  thotmometer,    Who  was  really  its  inventor? 
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arranged  tiglitly  in  the  reservoir,  but  tliero  is  a  free  pas- 
sage for  the  air  in  and  out  of  that  part  of  tlie  instrii- 
meiit.  Oh  touching  the  ball  with  the  fingers,  the  air 
within  it  becomes  ivarta,  dilates,  and  depresses  the  li- 
qaid  in  tbe  tube ;  or,  on  touching  with  any  cold  body, 
it  contracts,  aud  the  liquid  r' 


This  for 


of  tlierraometer  is  liable  to  a  diiScuHy 
which  renders  it  impossibie  to  rely 
upon  its  indications,  except  under  par- 
ticular circumstances.    It  is  affected 
by  variations  of  atmospheric  pressure, 
as  well  as  by  changes  of  heat.    To 
prove  that  this  is  the  case,  place  such 
a  thermometer  under  the  receiver  of 
an  air  pump,  as  shown  iuj^/ij-.  11.    On 
pi  educing   the   slightest     _Fig.vi. 
degiee  of  rarefaction,  the 
J  liquid  in  the  tube  is  iii- 
stintlj  depressed,  and  on 
ig  the  picisuie  of  the  air  it  returns 
to  Its  oiigmai  position 

This  difiicultyis  avoided  by  a  change  in 
the  form  of  the  instrument,  by  which  at-  Ife  / — ■ 
mospheric  pressure  is  altogether  avoided.  '"=""  ■ 
A  tube,  bent  as  in  Fig.  12,  has  a  bulb 
blown  on  each  extremity.  The  bulbs  -ind 
tube  are  filled  with  air,  except  wheiu, 
there  is  a  column  of  colored  liquid  thnt 
serves  as  an  index,  and  whose  moi  ements 
are  measured  by  the  aid  of  a  scalt  Tl  !•- 
the  differential  thermometer,  is  so  called 
because  it  only  indicates  the  difleience  m 
temperature  between  the  two'balbs,  and 
not  their  actual  warmth.  When  both 
bnlbs  are  heated,  the  liquid  index  is  equal 
ly  pressed  on  both  sides,  aud  does  not 
move,  and  the  same  when  both  aie  cooled 
By  inserting  a  tight  instead  of  i  loose 
stopper  at  c,  T'?;?.  10,  that  instiumuit  ■ilso  bi-coi 
differential  thennometer. 

Describe  the  action  of  Sanotoiio's  tUenaomoter  Wl  at  is  the  dif 
ficulty  with  this  tliermometer  ?  Hmv  may  the  "ffe^t  of  pressure  on 
it  be  shown  ?  Hoiv  is  this  difficulty  avoide  1  Dcsenba  Uie  hfferen 
tial  Ihermometcr  and  its  mode  of  action. 
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Different  liquids  expaiicl  tlifferently  for  tlie  snnic  tlier- 
tuometvic  disturbance.    Tbis  is  rig.n. 

easily  shown  by  an  apparatus, 
as  in  Fig.  13,  in  which  we  have 
two  tabes,  a  b,  with  bulbs  on 
their  ends,  dipping  into  a  lai-ge 
vessel.  The  tubes  and  bulbs 
should  be  of  the  same  size,  and 
filled  with  the  liquids  to  be 
tried  to  the  same  height.  To 
each  a  scale  is  annexed.  Let 
one,  a,  be  filled  with  alcohol, 
and  the  other,  ft,  with  mercury;  on  pouring  hot  water 
into  the  vessel  two  phenomena  are  witnessed:  1st.  Both 
liquids  expand ;  2d.  They  expand  unequally  when  com- 
pared toQjether,  the  mercury  exjjanding  least. 

On  benig  heated  from  the  freezing  to  the  boiling 
point  of  water,  liquids  expand  as  follows : 


Mcpani 


I  of  Liquids. 


At  B2=. 

], 000,000  parts  of  Mei'cury  become 
"       Wntei- 
"       Oil 
'■       Alcohol 

l,018,ir.3 
1,046,C00 
1,080,000 
1,111,000 

lin65 
1  in  21.3 
linlS-fi 
linO 

The  most  volatile  liquids  are  the  most  expansible. 
This  is  shown  by  those  which  have  arisen  from  the  con- 
densation of  gases,  as  cyanogen,  sulphurous  acid,  and 
especially  carbonic  acid.  The  latter,  warmed  from  32° 
to  86°,  expands  four  times  as  much  as  atmospheric  air. 
In  liquids  of  analogous  chemical  constitution  tbo  ex- 
pansion is  nearly  the  same,  if  the  comparison  is  made, 
not  at  the  same  temperature,  but  at  corresponding  tem- 
peratures; that  is,  at  equal  distances  from  the  boiling 
point.  If  the  same  precaution  is  adopted,  many  dissim- . 
ilar  liquids  present  close  resemblances. 

Uulike  gases,  all  liquids  expand  irregularly  as  their 
tempei'atuve  rises,  a  given  amount  of  heat  producing  a 
much  greater  effect  at  a  high  than  at  a  low  tempera- 
How  may  it  bo  pi'oyed  thiit  diftbrent  liquids  expand  differently? 
What  is  the  rata  of  expansion  of  mercury?  water?  oil?  and  aloo- 
iiol  ?  Wlint  kind  of  liquids  are  the  moat  expansible  ?  What  is  tlio 
relation  of  expansion  between  liqtiids  of  nnalogoua  composition  ? 
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ture.  Ten  degrees  of  heat  applied  to  a  given  liquid  at 
200°  -will  produce  a  grcatev  expansion  than  if  applied 
at  100°.  The  reason  appears  to  be  that,  as  a  liquid  di- 
lates, ita  cohesive  force  becomes  less,  because  its  parti- 
cles are  being  removed  farther  from  each  otber ;  and  as 
the  cohesive  force  weakens,  its  antagonistio  power,  heat, 
produces  a  greater  effect. 

'  ^  '  '  taken  of  the  properties  of  liquids  iu  the 
J  of  thermometers.  For  tliese  purposes 
alcohol  and  mercury  are  the  fluids  selected. 
The  mercurial  thermometer,  JFi^.  14,  consists 
of  a  fine  capillary  tube  of  a  lenticular  section, 
with  a  bulb  blown  at  oho  end.  The  bulb  and 
part  of  the  tube  are  to  be  filled  with  quicksil- 
ver, and  the  air  expelled  from  the  rest  of  the 
tube  by  wai-ming  the  bulb  uutil  the  metal  rises 
by  expansion  to  the  top  of  the  tube,  and  at 
that  moment  hermetically  scaling  the  glass  by 
melting  the  end  of  j,;^.  in. 

it  ivitli  a  bloiv- 
pipe.  As  the  ther- 
mometer cools,  the 
mereary  retreats 
from  the  top  of  the 
tube,  and  leaves  a 
vacuum  above  it 

to    annex   sue 

scale  to  the  in 

mcnt  as  maym  ko 
its  indications    compaiabo 
■with  other  instruments.   To 
effect  this,  the  therraom    e 
is  plunged  into  a  vessel  con 
taining  melting  ice  or  snow 
and  opposite  the   poiu 
which  the  quicksilver  st  nds  ' 
is  marked  32°.     It  is 
transferred  to  another       s  ~' 

se!,  Fig.  15,  in  which  \  a  d  y 


Do  liquids  expand  with  t  r 
tliemioracteis ?  Describe  the  ir 
ofmakingiC.  Howisthescal 


h   1 
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ivhicb  it  is  Burrounaecl  on  all  sides  by  steam,  and  the 
point  opposite  wliicli  tbe  mevcuiy  then  stands  is  marked 
212°.  The  intervening  space  is  divided  yia-io. 
into  180  equal  parta;  these  are  degre 
and  similar  divisions  are  made  in  the  scale 
for  all  points  above  212°  and  below  32° 
The  zero  point,  or  cipher,  is  therefore  32  ~% 
degrees  below  the  freezing  point  of  water    '""n" 

It  has  been  obseiTed  that,  in  the  course  , 
of  time,  the  fixed  points  of  some  thei 
mometei's  change.     This  is  due  to  tlie  [ 
pressure  of  the  air  acting  on  the  bulb,  tlie 
thin  glass  of  which  yields  to  a  certim  e\     t7B  :; 
tent,  and  tbe  liquid  conseqnently  uses  ni 
the  tube.    The  same  effect  will  often  tike  ' 
place  instantaneously  by  exposing  a  thei 
raometer  to  a  high  temperature.     It  i'*  ' 
therefore  necessary  to  verify,  from  time  ^j  '- 
to  time,  tbe  graduations  of  these  in«tiu   i^^ 
ments. 

The  zero  point  of  tbe  thermometer  scalu 
is  not  to  be  regarded  as  indicating  the  to 
tal  absence  of  heat.  Observations  bn  e 
been  made  in  cold  climates  of  degrees  50° 
below  zero,  and  by  tbe  aid  of  liquefied 
protoxide  of  nitrogen  and  bisulphide  ol 
carbon,  —220°  has  been  reached. 

The  Florentine  academicians,  ■who  i 
troduced   the    liquid   thermometei,   cr 
ployed  an  arbitrary  scal^|merely  dividing 
the  tube  into  a  number  of  equal  parts.   ' 
Celsius,  a  Swede,  proposed  the  melting 
point  of  ice  and  tbe  boiling  point  of  water  ' 
as  standard  fixed  points,  the  interval  being 
divided  into  a  certain  number  of  parts,   ' 
Unfortunately  this  interval  is  by  different 
nations  differently  divided :   in  America 
and  England,  Fahrenheit's  scale,  d 
above,  is   used ;  in  France, 

What  point  on  the  thermometer  is  marked  2I2°f  How  is  tlio 
Kpace  between  32°  and  212°  dirided?  What  change  may  occur  in 
tiiermometerB ?  What  is  meant  by  the  zero?  Wliat  is  the  lowest 
temperature  yet  reached  ?    Who  proposed  the  standard  fixed  points? 
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Continent  generally,  tho  Centigrade  scale  is  preferred. 
It  marks  the  melting  point  of'ce  as  0°,  and  the  boiling 
of  water  100°.  In  Germany  and  Russia  Eeaumnr'a 
scale  is  employed ;  it  lias  the  same  aero  as  the  Centi- 
grade, but  the  boiling  of  water  is  marked  80°.  It  is  es- 
sential, therefore,  in  speaking  of  thermomctric  degrees, 
to  state  what  scale  is  meant,  and  tins  is  accomplished 
by  putting  the  letter  F,  ov  C,  or  R  after  the  specified 
degree.  In  this  boolc  the  Fahrenheit  division  is  always 
used,  except  iii  a  few  cases.  In  Mff.  16  the  three  eea3es 
afc,  for  the  a^kct  of  comparison,  represented  side  by 
side. 


LECTURE  V. 
Expansion  of  Liquids  axd  Solids. — Importance  of 
the  Thermometer. — Adoantag&s  of  Quiolcsilver  and 
.  Alcohol. — Maxiimtm  Density  of  Water  and  of  other 
Jjiqtiids. —  Connection  with  the  Duration  of  the  Sea- 
sons. —  Ground  Ice.  —  Mqxmsion  of  Solids.  —  Tfte 
I*yrometer.~-M>rce  of  MetaMic  J^paiision  and  Con- 
tractioti. — Its  Use  in  the  Arts. 
As  all  measures  of  space  and  time  are  affected  by  va- 
riations of  temperature,  the  thermometer,  which  determ- 
ines those  variations,  must  necessarily  be  one  of  the 
fundamental  instruments  of  physical  science.    If  we 
state  that  a  given  object  is  a  foot  Jong,  we  must  specify 
the  temperature  at  which  the  measure  was  taken,  for 
at  a  lower  temperature  it  wil^be  less,  and  at  a  higher 
more  than  a  foot.     In  constructing  bridges,  etc.,  ivhere 
long  masses  of  iron  are  used,  provision  must  be  made 
for  expansion  by  diurnal  and  seasonal  variations  of  heat. 
Each  tube  of  the  Britannia  Bridge  across  the  Menai 
Straits  is  liable  in  the  course  of  the  day  to  change  three 
inches  in  length. 

Quicksilver  is,  for  several  reasons,  eminently  fitted  to 
be  a  thermometrie  fluid.     1st.  It  cap  be  easily  obtained 

Describe  the  Fahrenheit,  Centigi'ade,  and  Beanmtiv  scales.  How 
are  they  distinguished  from  one  another  in  writing?  What  Ecalo 
is  nsed  in  this  book?  "What  effect  does  tempernture  have  on  meas- 
ures of  space  and  time?  Why  is  ijuiol»ilTor  snitiible  fnr  making 
thermometers? 
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of  standard  pm-ity.  2d,  It  expands  with  greater  regu- 
larity tlian  most  liquids,  aud,  wlien  in  a  glass  bulb,  the 
in'egular  expansion  of  the  glass  almost  exactly  comjjen- 
sates  the  irregularity  of  the  mercury,  and  hence  the 
true  temperature  is  accurately  indicated.  The  total 
expansion  of  mercury,  between  32°  and  212°,  ia  1  part 
in  55,08 ;  between  212°  and  392°,  1  ia  54.61 ;  between 
392°  and  672°,  1  in  64.01.  3d.  The  range  of  tempera- 
ture between  boiling  and  solidification  is  from  662° 
to — 39°,  about  seven  hundred  degrees.  4th.  It  does 
not  soi!  or  wet  the  tube  in  which  it  is  contained,  for  it 
does  not  adhere  to  glass,  as  water  or  other  fluids  would 
do.  5tli,  It  ia  more  quickly  affected  by  a  given  amount 
of  heat  than  water  or  alcohol,  as  wo  shall  see  when 
speaking  of  the  capacity  of  bodi^  for  heat. 

When,  however,  temperatures  which  approach  or  are 
below  the  freezing  point  of  quicksilver  require  to  be 
measured,  alcohol  is  appropriately  used,  because  at  thu 
lowest  temperature  yet  reached  it  does  not  Bolidify.  It 
may  be  tinged  of  any  color  that  is  desirable  to  render 
it  viaibie. 

If  some  water  at  100°  is  taken  and  placed  in  a  -vessel 
in  which  its  changes  of  volume  can  be  observed,  on  re- 
ducing its  temperature  it  will  be  found,  nnder  the  gen- 
eral law,  to  cool  as  it  contracts.  As  it  passes  throngh 
the  various  degrees  down  to  a  point  between  39°  and 
40°,  it  steadily  diminishes,  but  below  that  poii.ij,  though 
the  cooling  may  progress  at  the  same  rate  as  before,  it 
begins  to  expand,  and  continues  to  do  so  until  it  reaches 
32  ,  when  it  freezes.  The  same  fact  is  demonstrated 
on  warming  water  at  32° ;  it  contracts  till  39°  is  reached, 
and  then  expands. 

It  is  obvious,  therefore,  if  we  take  water  at  39°,  that 
it  makes  no  difference  whether  it  be  warmed  or  cooled, 
it  will  expand.  The  liquid  occupies  at  that  temperature 
the  smallest  bulk,  and  is  at  its  greatest  density,  for  nei- 
ther by  cooling  nor  warming  can  m'c  reduce  its  dimen- 
sions. This  point  is  designated  "  Tlie  point  of  maxi- 
mum density  of  water." 

Is  its  expansion  regular?  Wheomiistnlcoholbe  used  in  thermom. 
oters?  What  peculiarities  does  waler  exhibit  in  cooling  lo  32°? 
What  is  observed  on  warming  it  from  33°?  Wliat  is  the  point  of 
n  density  of  water? 
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Many  other  Jiqiiids  have  points  of  luaximiim  density, 
wliich  are  reached  before  solidifying.  In  the  act  of 
turning  into  a  solid,  water  undergoes  a  very  great  dila- 
tation, equal  to  ^th  of  its  volume,  and  hence  ice  wil! 
float  on  water.  Several  melted  metals  exhibit  the  same 
pbenomenou,  and  advantage  is  taken  of  the  fact  in  the 
arts.  The  alloy  of  which  types  are  formed,  or  stereo- 
type plates  cast,  in  tlie  act  of  solidifying  expands,  and 
forces  itself  into  every  part  of  the  mould  into  which  it 
may  be  poared,  eopyiDg  it  perfectly ;  the  same  is  true 
of  oast  iron.  But  it  is  impossible  to  make  good  cast- 
ings with  lead,  which  contracts  as  it  solidifies,  and  either 
separates  from  the  mould,  or  leaves  vacant  spaces  in  it. 

The  fact  that  water  possesses  a  point  of  maximum 
density  is  connected  to  a  great  extent  with  several  re- 
markable natural  pheoomena.  The  freezing  of  water 
on  the  surface  is  one  of  these  results.  If  the  water  con- 
tracted as  it  cooled,  the  colder  portions  would  descend, 
and  still  water  would  commence  to  freeze  at  the  bottom 
first,  the  solidification  extending  gradually  upward. 
Collections  of  water  would,  daring  the  com'se  of  a  win- 
ter, become  solid  masses  of  ice,  and  would  greatly  re- 
tard the  approach  of  spring,  from  the  length  of  time 
they  would  require  for  thawing  through  the  non-con- 
ducting water  above.  Bnt,  as  things  are  now  arranged, 
the  coldest  water  is  the  lightest ;  it  floats  on  the  warm 
water  below;  solidification  takes  place  only  on  the  sur- 
face, and  the  layer  of  ice  that  forms  protects  the  water 
below  from  farther  refrigeration.  When  the  warm 
weather  of  spring  comes- on,  the  ice  on  the  surface  is  in 
the  most  favorable  position  for  meltiog,  and  thus  the 
point  of  maximum  density  of  water  comes  to  be  con- 
nected with  the  duration  of  the  seasons. 

Under  certain  circumstances,  ice,  irhich  is  then  called 
ground  or  anchor  ice,  does  fonn  at  the  bottom  of  wa- 
ter instead  of  on  the  surface.  In  clear,  rapid,  rocky 
streams,  the  turbulence  of  the  cuiTent  causes  the  whole 
mass  of  water  to  become  so  \miformly  mixed  that  there 
is  no  expanded  cold  layer  floating  on  the  top  when  the 

Have  other  liquids  points  of  maximum  density  ?  Give  cxnniples. 
Wlint  lios  the  maximum  density  of  water  to  do  with  the  seasons? 
Explain  what  oceurs  in  the  freezing  of  waler.  What  is  ground  or 
anchor  ice  ? 
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freezing  point  is  attained.  As  i-adiation  proceeds  from 
the  plaots  and  rocks  at  the  bottom  of  the  stream,  ico 
comineaces  to  form  on  their  irregular  sm-faces  in  spongy 
masses,  occasionally  damming  np  the  stream.  Not  in- 
frequently it  floats  to  the  surface,  bearing  with  it  masses 
of  rock. 

"When  salt  is  adtled  to  water,  the  point  of  maximum 
density  descends,  until  it  eventually  sinks  below  the 
freezing  point.  In  the  ocean  the  mass  of  water  is  so 
great  that,  although  the  masimum  density  is  below  32°, 
the  winter  does  not  last  sufficiently  long  to  reduce  the 
whole  to  the  frozen  condition. 

It  has  already  been  shown  by  the  instrument  repre- 
sented in  Mg.  1  that  solids  dilate  on  being  heated.  The 
same  results  may  be  rendered  apparent  by  the  appara- 
tus Fig.  17,  which  consists  of  a  board  having  two  h|> 


rights,  between  which  a  metallio  bai,  [novided  with  a 
handle,  fits  so  33  to  permit  a  rattling  noise  when  it  is 
moved  in  the  direction  of  its  lengto.  If  the  bar  be 
heated  by  pouring  hot  water  upon  it,  it  ivill  dilate  to 
such  an  extent  as  to  be  irith  difficulty  forced  into  place, 
and  will  no  longer  rattle.  Hearing  often  aids  us  to  de- 
tect intervals  invisible  to  the  eye. 

The  pyrometer,  of  which  we  have  several  varieties, 
is  represented  in  Fig.  18.  It  may  serve  to  illustrate  the 
fact  that  solid  substances  expand  by  beat.  It  consists 
essentially  ofa  metallic  bar,«fi,resting  at  one  end  against 
an  immovable  prop,  e,"  the  other  end  bearing  upon  a 
lever,  h.  The  extremity  of  this  lever  presses  upon  a 
second  lever,  c,  which  also  serves  as  an  index.    Upon 

Explain  its  formation.  What  effect  kas  the  addition  of  salt  to 
ivntev  on  tlie  point  of  maximum  density?  Explain  Fig.  17.  Whst 
fact  (loos  it  illuBtrato?  What  is  the  use  of  pyrometers?  Explain 
the  oonstvnction  nlFig.  ]S.     Describe  its  action. 
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If  lamps  be  np- 
f  plied  to  tlie  bar 
it  expands,  and 
tbe  pressure,  tak- 
ing effect  on  the  lever,  pttta  it  in  motion,  the  index  trav- 
eismg  o^  ei  the  scale  On  removing  the  lam^s  the  bar 
eonttaots,  and  the  spimg,  piessing  the  lever  in  the  op- 
posite direction  as  eoon  as  the  bar  is  coldj-iirings  the 
index  back  to  the  original  point. 

The  force  with  which  such  expansions  take  place  is 
enoi'moua,  being  equal  in  amount  to  that  ■which  would 
be  required  to  elongate  or  compress  the  material  to  the 
same  extent  by  mechanical  means.  For  a.  variation  of 
80°  as  between  the  cold  of  winter  and  heat  of  snmmer,  !i 
wrought-iron  bar  10  inches  long  will  vary  in  length 
T^  of  an  inch,  and  wHl  exert  a  strain  equal  to  50  tons 
on  the  square  inch.  Tliis  property  is  nseful  in  the  arts, 
where  bands  of  iron  are  shrnnk  on  wheels,  cannon,  etc. 
Being  made  somewhat  too  small  to  fit  when  cold,  on 
heating  they  expand  enough  to  be  slipped  on,  and  when 
cooled  adhere  tightly.  For  the  same  reason,  boiler  liv- 
ets  are  made  red-hot. 

How  much  force  is  required  to  espand  a  metfllbnrT  How  raucli 
does  n  bnv  10  inches  long  expand  for  a  tempeiuture  of  S0°  ?  Of  ' 
what  use  is  this  fact  in  the  -irts? 
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LECTURE  VI. 

Expansion  of  Solids. — They  regain  tli&ir  Stee  on  cool- 
ing.— 7^£t/  ea^and  increasingly. — Different  Mtpan- 
sioji  of  various  Solids. — TTie  Gridiron  Pendulum. — 
Table  of  Me^ansions.  —  Mi^anaion  of  crystallized 
Carbonate  of  lAmi.  —  Solid  Thermometers.  —  JBre- 
giiefs   Thei-mometer.  —  DanieWs  Jh/rometer.  —  Tlie 
Tkermometer  indicates  Intermiy  of  Heat. 
It  is  very  commonly  supposed  that  when  solid  bodies 
have  been  beated  they  do  not  retarn  rigidly  to  their 
former  dimensions  on  cooling.     But  a  few  facts  dispose 
of  this  Buppoaition.    A  bar  of  metal  exposed  to  the 
weather  is  subjected  to  continual  variations  of  temper- 
ature, warming  and  expanding  when  the  sun  shines  on 
it,  cooling  and  contracting  at  night.     If  it  did  not  come 
back  to  its  ori^oal  size  exactly,  it  would  be  seen  to 
grow,  and  in  the  course  of  time  it  would  be  much  larger. 
The  iron  railings  around  public  parks  and  squares  never 
increase  and  become  too  large  for  their  situations.    Sol- 
ids, therefore,  on  cooling  from  a  warmed  state,  regain 
the  normal  size.    Lead,  however,  ofEei's  an  exception ; 
for,  ou  account  of  its  softness,  a  leaden  pipe  used  for 
conveying  steam,  will  in  a  short  time  become  perhaps 
several  inches  longer  than  at  first.     Leaden  floorings  of 
hot-water  sinks,  ^so,  are  thrown  into  ridges  and  puck- 
ers. 

By  linear  dilatation  is  meant  increase  in  one  dimen- 
sion, as  in  length;  by  cubic  dilatation,  increase  in  all 
three  dimensions,length,  breadth,  and  thickness.  Know- 
ing the  amount  of  linear  dilatation,  the  cubic  dilatation 
is  found  nearly  enough  by  multiplying  by  3, 

Solids  expand  increasingly  as  their  temperatnre  rises, 
in  that  respect  resembling  liquids,  and,  for  the  same 
reason,  a  diminution  of  the  cohesive  force,  beeanse  of 
the  increased  separation  of  the  atoms.    Compared  one 

Do  solids  regain  their  siio  on  cooling?  What  is  tha  reason  that 
lead  is  an  exception  to  tlic  rule  ?  What  ia  meant  bj  linear  dilata* 
tion?  \V!iat!)j-cnbic  dilatation?  Do  solids  expand  nith  uniform- 
ity? 
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with  another,  their  rate  of  expansion  ia  very  diiforent, 

a  fact  shown  experimentally  by  riveting  together  two 

Fia.  19.  bars,  one  of  iron,  a  a,  and  one 

^^^_^^ _.     b^    ofhra&s,bb,a.%'mMg.l^.    At 

ardinary  temperatures  the  com- 
^c  pound  bar  is  straight,  but  if 
3rf  hot  water  be  poured  on  it,  it . 
curves  .13  at  a  c,  the  brass  be- 
ing on  the  outside ;  wliile,  if  cooled  below  the  onginal 
point,  the  curvature  is  in  the  other  direction,  as  at  b  d, 
the  brass  being  on  the  inside.  These  changes  are  due 
to  the  fact  that  brass  expands  and  contracts  more  for  a 
given  disturbance  of  temper  aturo  than  Iron. 

By  the  aid  of  proper  metallic  combinations,  a  bar  can 
be  constrncted  that  will  always  remain  of  the  same 
length,  regardless  of  the  temperature.  The  gi-idiron 
pendulum  is  made  up  of  two  bare  of  brass  and  three  of 
iron.  The  expansions  being  in  contrary  directions,  and 
the  lengths  being  aecnrately  proportioned  to  the  ratio 
of  expansion,  the  ball,  or  bob,  remains  at  a  constant  dis- 
tance from  the  point  of  support,  and  the  time  of  vibra- 
tion of  the  pendulum  does  not  alter. 

The  following  table  exhibits  the  expansion  in  length 
of  various  substances,  when  heated  from  the  freezing  to 
the  boiling  point  of  water : 


English  Flint  Glass... 
Glass  tube  (French).. 

1  in  1348 
1  in  1148 
1  in  1181 
1  ill  1000 
1  in   92G 
I  in    923 
I  in    84G 
1  in    718 

Gold 

SE::: 

Silver.... 

Tin 

Lend 

Zinc 

1  in  C82 
1  in  S83 
1  in  nSG 
1  in  r.S4 
1  in  616 
1  in  851 
1  in  840 

Ice  is  much  more  expansible  than  the  metals,  sur- 
passing even  zinc.  Glass  and  platinum  may  bo  fused 
together  without  parting  as  they  cool,  for  their  rates  of 
expansion  are  nearly  alike.  The  process  of  cutting 
glass  with  a  hot  iron  depends  on  unequal  expansion. 

Do  all  solids  expand  alike?  Describe  the  componnd  bar  nnd  its 
action.  WJint  is  tha  construction  of  the  gridiron  pendulum  ?  De- 
scribe its  notion.  What  is  the  Cable  intended  to  illnstrata?  What 
ia  the  amount  of  expansion  of  lee?  Wliy  can  glass  nnd  platinum 
be  fused  together  without  aepatatiug  on  cooling  ? 
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Rupert's  drops  are  tear-shaped  portiona  of  glass,  which 
have  heeii  formed  by  dropping  that  substance  while  hot 
into  water.  The  exterior  beiug  suddenly  cooled,  while 
the  interior  is  yet  fluid,  is  subjected  to  a  great  strain. 
If  the  tip  end  of  the  tail  be  broken  off,  the  whole  drop 
flies  into  powder. 

Though  a  solid  is  usually  regarded  as  expandiDg 
equally  in  all  directions,  this  is  not  always  the  case. 
Those  crystals  which  possess  the  property  of  double  re- 
fraction, and  in  which  all  the  sides  and  angles  are  not 
alike,  change  their  shape  when  heated.  In  a  ciystal  of 
calcareous  spar  the  obtuse  angles  become  more  acute, 
and  the  incbnation  of  tbe  faces  to  each  other  is  made 
8^'  less  by  an  elevation  from  32°  to  212°.  The  crystal 
elongates  most  in  the  direction  of  the  optic  axis,  and 
contracts  in  directions  at  right  angles.  The  general 
bulk,  however,  increases  about  1  part  in  610  for  the 
above  warming. 

Some  metallic  bodies  have  points  of  maximum  densi- 
ty in  the  solid  state.  Rose's  fusible  metal,  a  compound 
of  lead,  bismuth,  and  tin,  when  heated  from  32"  to  111", 
expands,  but  after  that  contracts,  and  continues  to  do 
BO  till  166°,  at  which  temperature  it  is  less  than  at  32°. 
After  that  it  again  expands,  and  continues  to  do  so  until 
it  melts  at  about  201  . 

Liquid  thermometers  can  not  measure  the  highest 
degrees  of  temperature,  because  the  v.iporization  of  their 
contents  would  cause  their  destruction.  For  this  reason, 
the  expansion  of  one  of  the  more  infusible  solids,  as,  for 
example,  platinum,  must  bo  used,  and  some  contrivance 
similar  to  Fig.  18  employed.  The  difficulty  with  such 
apparatus  is  that  the  expansion  of  a  short  bar  of  metal 
is  BO  minute  that  some  means  of  magnifying  the  eflfect 
is  necessary,  and  at  once  irregularity  is  introduced  by 
wheel-work  and  friction  of  levers.  A  compound  strip 
of  metal  is  free  from  these  difiiculties,  and  will,  if  long 
enough,  indicate  temperatui-es  with  gi-eat  precision. 
Ereguet's  thermometer  consists  of  a  delicate  slip  of 

Wlint  are  Rupert's  drops  ?  Do  solids  expand  equally  in  all  di. 
[ections  ?  Describe  ihe  eftbet  of  heat  on  calcareous  spar  Stale 
tho  peculiarities  of  fusible  metal  when  heated.  Tor  whot  purposes 
are  liquid  thermometers  inapplictibie  ?  What  is  the  difficulty  with 
solid  thermometers? 
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platinum  solder 
of  silver,  and  c 


red  with  gold  to  one 
■ved  into  tbe  form 
ot"  a  spiral,  a  ft,  Mg.  20.  It  ia  fast- 
ened at  Ita  upper  end  to  a  metallic 
support,  c  c,  aad  from  its  lower  end 
an  index  projects,  ivhicb  plays  over 
'  a  graduated  cirde.  As  silver  ex- 
pands twice  as  much  as  platinum, 
when  the  temperature  rises,  curvar 
ture,  with  motion  of  tlie  indes:, 
takes  place ;  when  it  falls,  motion  in  the  opposite  direc- 
tion results.  The  principle  is  the  same  as  that  described 
in  the  case  of  the  componnd  bar,  Ji?£f.  19.  This  ther- 
mometer is  exceedingly  rapid  in  its  indications,  because 
the  mass  of  tlie  spiralis  so  small,  as  compared  with  the 
mercury  in  the  bulb  of  a  thermometer.  By  breathing 
upon  it,  it  will  in  an  instant  rise  to  above  flO°. 

For  the  highest  temperatures  Daniell's  pyrometer  is 
employed.  It  consists  of  a  bar  of  platinum  inclosed  in 
a  cylinder  of  black-lead  eaithenware.  When  it  is  heat- 
ed, as  the  platinum  expands  more  than  the  eai'thenware, 
it  presses  an  index:  forward,  the  index  remaining  pro- 
truded when  the  pyrometer  is  taken  out  of  the  five. 
The  amount  of  protrusion  ia  then  measured  by  a  scale, 
which  converts  it  into  degrees.  By  its  aid  it  has  been 
shown  that  brass  melts  at  1869°,  silver  at  18V3°,  copper 
at  1696°,  gold  at  2200°,  and  cast-iron  at  2786°.  The 
highest  heat  of  a  wind-furnace  is  3280°. 

The  thermometer  does  not  in  reality  measure  the 
amount  of  heat  in  a  body.  If  immersed  in  a  glass  and 
a  bucketful  of  tbe  same  well-water,  it  stands  at  the 
same  point,  but  of  course  there  is  much  more  heat  in 
the  latter.  It  measures  the  intensity,  that  is,  the  quan- 
tity contained  in  a  space  equal  in  volume  to  the  mercu- 
ry in  the  instrument  itself.  Besides  this,  though  it  may 
stand  at  the  same  height  in  th§  same  amount  of  two 
liquids,  it  does  not  follow  that  they  contain  the  samo 
absolute  quantity  of  heat,  as  we  shall  see  in  the  next 
loctnro. 

Dc5ciibQ  Breguet's  thermometer,  Fig.  20.  Give  an  illustration 
of  its  sensitiveness.  Stale  tlie  reason  foe  it.  What  ia  the  eonstrpc- 
lion  of  Dani^'s  pyrometer?  Giro  the  melting  points  of  brnss,  sil- 
ver, copper,  gold,  iiori.     What  does  the  thermometer  itidicaie  ? 
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LECTURE  VII. 
Specific  Heat  op  Bodies. — Methotis  of  Cahvimetry. — 
Wanning. — Melting. — Cooling. -^-Mi^UTQ. — Spedfia 
Meat  ofvariom  Bodies. — ^Effect  of  Physical  Condi- 
tion, on.  specie  Seat. — Black's  Theory  of  Capacity 
for  Seat.  —  The  Dynamical  Theory        "      "--t- 


Mant  years  ago  it  was  discovered  by  Boyle  tliat  if 
two  vessels  of  the  same  sieo  and  form  were  filled  with 
different  liquids,  and  placed  beforo  the  fire  so  as  to  re- 
ceive its  heat  equally,  tltpir  temperature  did  not  rise 
similai-ly.  If  one  was  filled  with  water  and  the  other 
with  qnicksilver,  the  tempei-aburo  of  the  latter  would 
rise  much  more  rapidly  than  that  of  the  former.  The 
same  qnantity  of  heat  will  raise  the  temperature  of  m'er- 
cary  twice  as  high  as  that  of  an  eqaal  volume  of  water. 

From  a  series  of  similar  experiments  it  has  been 
proved  that  different  bodies  require  different  amounis 
of  heat  to  warm  them  equally. 

Calokimei'ey. 

There  are  several  different  methods  by  -wbich  the 
specific  heat  of  abody  may  be  determined,  such  as,  1st, 
by  warming;  2d,  by  melting;  3d,  by  cooling;  4th,  by 
mixture. 

The  first  is  that  just  mentioned  as  the  experiment  of 
Boyle,  and  consists  in  exposing  the  same  weight  of  the 
substances  to  be  tried  to  a  uniform  source  of  heat,  as, 
for  example,  a  bath  of  bot  water,  and  observing  how 
high  the  temperature  rises  in  a  given  time.  It  will  be 
found  that  it  takes  thirty  times  as  long  to  warm  water 
as  mercury,  and  hence  the  specific  heat  of  water  is  thir- 
ty times  greater. 

What  wnsBojle's  discovery?  When  tivo  vessels  aro  fiUed,  one 
with  mercury,  the  other  with  wntar,  which  warms  most  rapidly? 
What  is  the  comparative  effect  of  the  same  qimntity  of  heat  on  wa- 
ter and  mercury?  What  hfi3  been  proved  to  bo  the  Iniv  of  ivnrming? 
What  mathods  are  there  of  determining  the  specific  heat  of  bodies  ? 
DoEcriba  the  method  of  Boylo. 
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Tlie  second  procesa  is  accomplished  by  tlie  aid  of  the 
i%2i.  calorimeter,  the  principle  of  whicli 

^.f""""'"  "     ~""  ""■;„  i^  illustrated  in  Fig.  21.    A  solid 
.  i  ,  _       .^   IjIocIc  of  ice,  «  o,  is  taken,  aud  hi  it 

I  ;  ;i  ca\ity,  b,  is  made,  the  raoath  of 

■  '' '  /  I   ^^'I'i'^'i  '^'^y  be  covered  with  a  slab 

1^        '/'   "■  ■   ct'ice.cc.    To  determine  tbe  rela- 

e  specific  heats  of  water  and  mer- 
■y,  take  a  flask,  d,  and  place  in  it 
ounce  weight  of  water,  and,  by 
immersing  the  llask  in  a  bath  of  hot  water,  raise  its 
temperature  to  a  given  point ;  for  example,  200°.  Then 
place  it  in  the  cavity,  5,  and  put  on  the  cover,  c  e.  As 
soon  as  the  temperature  of  the  flask  has  fallen  to  32°,  a 
certain  portion  of  the  surrounding  ice  will  be  found  to 
have  melted  ;  this  is  to  be  poured  out  and  measured. 

lu  the  same  way  expose  an  ouuce  weight  of  mercury 
to  the  same  process.  The  quantity  of  water  melted 
will  be  only  ^  of  the  amount  in  the  previons  case.  A 
given  weight  of  water  will  therefore  melt  thirty  times 
as  much  ice  &a  the  same  weight  of  quicksilver  in  cool- 
ing through  the  sime  number  of  degrees, 
Lavoisier's  cilonmetei  Fig.  22,  acts  on  the  same 
Fif  a"  punciple.     It  consists  of  a  set 

of  till  vessels  within  one  au- 
othei.  In  the  central  one,  a 
IS  the  substauce  to  be  exam- 
ine] Between  this  and  the 
next  is  a  quantity  of  broken 
ice  the  water  from  the  melt- 
ing of  which  flows  out  through 
1  stopcock,  c,  into  a  graduated 
glass  The  vessel  b  is  snr- 
1  ounded  by  another,  c^  to  avoid 
-  the  melting  of  its  ice  by  the 
warm  exteinil  an  The  witer  from  this  is  carried  off 
by  the  stopcock  />  Ihough  excellent  in  principle,  the 
difficulties  111  the  piactiual  working  of  this  instrument 
are  gi eat 

The  raercuual  calorimeter  of  Favre  and  Silberman, 
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Fig.  23,  is,  in  reality,  an  enlarged  mercurial  thermome- 


^^ 


ter,  the  bulb  of  whicli  may  receive  the  stibstanees  to  be 
expeiinented  iijion.  It  consists  of  a  glass  globe,  A, 
with  thiee  apertmies.  Into  one  of  them,  h,  is  fixed  a 
platinum  tube,  and  into  this  tube  a  bottle,  c,  fits,  and  is 
inclosed  by  a  cork,  d.  In  the  tube  6  is  a  small  quantity 
of  mercury,  to  secure  the  speedy  conduction  of  heat. 
The  aperture  e  terminates  in  a  stem  like  a  thermometer 
tube,  and  by  the  movements  of  the  mercury,  /,  along 
the  scale,  g  g,  the  dilatation  of  the  mercary  in  A  is 
measured.  A  piston  moved  by  a  screw,  h,  serves  to 
bring  the  mercra-y,  f,  to  the  zero  of  the  scale.  The 
globe  ia  incased  in  a  box,  K,  lined  with  swans'  down, 
to  avoid  disturbance  from  exterior  cooling.  The  value 
of  the  degrees  is  determined  experimentally. 

The  third  process,  the  method  by  cooling,  consists  in 
ascertaining  the  length  of  time  necessary  to  cool  through 
a  definite  interval.  Water,  which  has  a  great  speciSc 
heat,  takes  a  length  of  time  to  cool ;  quicksilver,  on  the 
contrary,  a  much  less  time.  The  method  of  cooling  re- 
quires several  precautions ;  among  others,  the  substances 
must  be  placed  ia  vacao.  With  liquids  it  gives  verjr 
good  results,  but  with  solids  the  differing  rates  of  radi- 
ation and  conduction  render  it  objectionable. 

The  fourth,  the  method  by  mixture,  is  the  best.  It 
is  easily  understood.  If  a  pint  of  water  at  40°  be  mixed 
with  a  pint  of  water  at  100°,  the  temperature  will  be 
the  mean,  that  is,  70°.     Butif  a  pint  of  mercury  at  100° 

Describe  llie  calorimetev  of  'EaMt-a  .ind  Silberman.  "VVlittt  is  it  in 
reality?  In  wllnt  does  the  method  of  cooling  consist?  What  prc- 
cantions  does  it  require  7    liofi  is  tho  method  b;  mixture  conduct- 
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be  mixed  with  a  pint  of  water  at  40°,  the  temperature 
of  the  mixtui'e  wil!  be  60° ;  so  that  the  forty  degrees  lost 
by  the  mercury  have  only  raised  the  water  twenty  de- 
grees. If  equal  weights  instead  of  equal  volumes  of  the 
substances  are  used,  the  results  are  more  striking,  the 
proportion  being  then  as  1  to  30  instead  of  1  to  2. 

The  method  of  misture  is  equally  applicable  to  solids. 
If  a  pound  of  copper  at  300°  be  phinged  into  a  pound 
of  water  at  50°,  the  resulting  temperature  is  72°,  from 
which  it  appears  that  the  specific  heat  of  water  is  about 
ten  times  that  of  copper. 

By  resorting  to  the  above  methods  the  specific  heat 
of  a  number  of  substaneea  has  been  ascertained,  but  as 
it  is  not  the  absolute  quantity  of  heat  that  is  determined, 
iry  to  have  some  standafd  of  comparison. 
.   3^  For  solids  and  liquids  water 

has  been  chosen,  its  specific 
heat  being  the  highest,  while 
for  gaseotis  bodies  air  is  used. 
The  varying  specific  heat 
of  bodies  may  be  illustrated 
by  Fig.  24,  which  consists  of  a 
cate  of  war,  C,  supported  on 
a  stand,  D,  and  a  number  of 
equally  warmed  balls  of  vari- 
ous substances.  Those  ■which 
ha^  e  a  high  specific  heat  can 
melt  their  way  through  the 
wax,  nnd  fall  to  the  table,  and 
9  those  which  hive  less  only 
radtpaith  thiou^fa 
Speeifii.  IIuiU  of  EgyuA  Weights  letioeen  32°  and  212° 


Water 

100000 

0  03301 

Oil  of  Tm-peniin 

0  4  >  93 

Silre 

0  05701 

Charcoal 

0  34150 

Tin 

0  0i>6''3 

Glass 

0  197e8 

0  11379 

0  08'>43 

Zinc 

0  095OO 

Gold 

0  03''44 

Copper 

0  0951 5 

Lead 

0  03140 

How  do  we  know  that  the  specific  heat  of  watov  is  ten  times  that 
of  copper  ?  Why  is  a  staniiard  of  coinpariBon  foi'  specific  heat  aeces- 
savj  ?  What  aro  the  substances  used  as  Btandaids  ?  Describe  Fig. 
24.     What  does  it  illoEtrate? 
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The  specific  heat  of  a  substance  varies  "witli  its  pliys- 
icaJ  condition.  Water,  when  6oHdifi.ed  into  ice,  lias 
only  one  half  the  -specific  heat,  as  505  to  1000.  In  the 
form  of  st^am  there  is  also  a  diminution,  the  ratio  being 
as  480  to  1000  for  equal  weights.  Mechanical  compree- 
sion  also  alters  the  specific  heat,  copper,  which  had  stood 
at  0'950,  by  hammering  being  reduced  to  0'936.  On  an- 
nealing, it,  however,  regained  its  primitive  condition. 
In  dimorphous  bodies,  the  densest  form  has  the  low- 
est specific  heat,  diamond,  for  instance,  being  0'1468 ; 
graphite  is  0-2018,  and  charcoal  0'2415. 

Dr.  Black,  who  was  one  of  the  early  investigators  of 
heat  phGnomena,  introdiioed  a  term,  "  Capacity  of  bod- 
ies for  heat,"  iin plying  the  idea  that  this  principle,  en- 
tering their  pores,  was  taken  up  by  different  bodies  to 
difierent  amounts,  in  the  same  way  that  two.  sponges 
of  different  densities  will  hold  different  quantities  of 
water.  On  this  supposition,  the  lighter  a  body  k,  the 
greater  should  be  its  capacity  for  heat,  because  its  at- 
oms are  more  widely  separated.  But  in  practice  this  is 
found  not  to  be  the  case,  oil,  that  floats  on  water,  not 
having  half  the  capacity  for  heat  that  the  water  has. 

The  specific  heat  of  bodies  increases  with  their  tem- 
perature. On  Black's  doctrine,  this  is  accounted  for  by 
saying  that  the  atomic  interstices  become  larger,  and 
there  is  more  room  for  the  heat.  In  the  process  of 
compression  by  hammering,  heat  is  evolved,  and,  accord- 
ing to  Black,  this  is  due  to  the  forcing  of  the  atoms  to- 
gether, which  causes  the  exudation  of  some  of  the  heat. 
But  it  can  not  be  supposed  that  the  great  heat  which  is 
prodaced  can  all  arise  from  such  a  source.  According 
to  the  dynamical  theory  of  heat,  it  results  from  a  con- 
version of  mechanical  motion  into  molecular  motion, 
heat  being  regarded  not  as  a  substance,  but  as  a  motion 
of  the  atoms  of  bodies. 

An  experiment  by  Rumford  iUastrates  this  point. 
He  took  a  holiow  cylinder  of  iron,  into  which  a  plunger 
was  fitted,  and  caused  to  press  against  the  bottom.    A 

How  roay  thg  specific  heat  of  a  substance  be  varied  ?  Wliat  is 
meant  by  capacity  for  heat?  Give  nil  iliiistration.  Why  is  the 
specific  heat  of  bodies  deci'eased  by  hammeriiif!,  on  Black's  theory  ? 
How  ig  it  oeoonnted  for  on  the  dynamical  theory?  Desciibe  Kum- 
ford's  experiment. 
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box  containing  18j  j^ounds  of  water  Burroumled  tlie 
cylinder ;  its  temperature,  which  was,  at  the  heginoing 
of  the  experiment,  60°,  was  marked  by  a  thermometer. 
The  cylinder  was  turned  by  a  horse,  and  in  an  hoar 
afler  the  friction  had  commenced  the  temperature  was 
107°.  At  the  end  of  two  hours  and  a  half  the  water 
actually  boiled.  The  quantity  of  metal  abraded,  and 
from  which,  according  to  the  material  theory,  this  great 
araonnt  of  heat  must  have  been  produced,  was  only  a 
few  hundred  grains.  In  addition  to  this,  he  found  thst 
the  chipa  had  the  same  capacity  for  heat  as  before,  and 
hence  concluded  that  the  mechanical  motion  had  been 
converted  into  heat. 

There  is  also  a  very  significant  experiment  of  Davy 
which  indicates  the  same  fact.  Ice  has  only  one  half 
the  capacity  for  heat  that  water  possesses ;  and,  in  ad- 
dition, an  immense  amount  of  heat  must  be  consumed 
in  changing  it  to  the  liquid  condition.  But  Davy,  by 
friction  of  two  pieces  of  ice  together,  produced  water, 
and  yet  the  original  quantity  of  heat  in  the  ice  was  bat 
a  small  fraction  of  that  in  tho  ivater.  The  extra  amount 
must  have  been  fm'nished  by  the  uiedianical  motion 
used, 


LECTURE  Vni, 
Specific  Heat  and  Latent  Heat. — Yariahility  of  Spe- 
cijic  Heat  under  Compression  and  Dilatation. — The- 
ory of  the  lEbmiation  of  Olouds. — Tlie  Fire  Swinge. 
—  Cold  of  the  Upper  Megions  oftMAir. — Connee- 
tion  between  Specifo  Seats  and  Atomic  WeigJus. — 
Latent  Heat. — Melting  Points  of  various  JBodieS. — 
Latent  Heat  of  Water  and  other  Bodies. 
The   capacity  of  gases  for  heat  is  determined  by 
warming  a  known  weight  by  means  of  a  spiral  tube  im- 
mersed in  hot  oil,  and  then  condncting  the  gas  thj'oiigh 
a  vessel  surrounded  by  a  known  weight  of  water.    The 
inquiry  is  attended  by  very  great  difficulties. 

When  the  volume  of  a  gas  incre.isos  its  capacity  for 

What  did  Rumfoi'd  conclude?    Wliat  '  ' 

What  conclnsion  did  lie  corao  to?    How  ia 
heat  determined? 
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lieat  increases,  and  a  <limimition  of  Tolume  is 
ivith  a  diminution  of  capacity.  If  a  Bre- 
guet's  thermometer  l>e  placed  under  the  re- 
ceiver of  an  air-pump,  which  is  lapidly-ex- 
hausted,  ^!f7. 26,  a  sudden  reduction  of  tem- 
perature is  indicated.  As  the  rarefaction 
proceeds  the  capacity  for  heat  increases,  an  I 
increase  which  is  satisfied  at  the  expeuse  of  a  ^ 
portion  of  the  sensible  heat. 

Oq  the  same  principle,  the  appearance  of  the  fog  or 
elond,  which  comes  ivhen  moist  air  is  rarefied,  is  ex- 
plained. The  quantity  of  vapor  that  can  exist  in  a  giv- 
en space  depends  on  the  temperature.  If  the  space  is 
cooled,  a  portion  of  the  vapor  wiil  condense.  When, 
by  suddenly  rarefying  air,  we  increase  its  capacity  for 
heat,  the  temperature  falls,  and  part  of  its  raoist  rij  e 
ure  assumes  the  form  of  drops.  If  a  bell-jai  la 
taken,  the  inside  having  been  rinsed  out  with 
water  and  placed  on  the  air-pump  stand,' on  (?\ 
hanating,  a  mist  makes  its  appearance,  wIikIi 
immediately  clears  up  on  readmitting  the  an 
A  candle  placed  behind  the  jar  will  show  the 
eiFect  to  a  large  audience. 

When  dr  is  suddenly  compressed,  its  capici 
ty  for  heat  diminishes.  This  is  experimentally 
shown  by  the  fire-syringe,  Fiff.  26,  which  con 
sists  of  a  strong  glass  tube,  containing  a  tightlj 
fitting  piston.  By  forcing  the  piston  down 
■ward,  the  air  in  the  cylinder  can  be  compressed 
If  a  piece  of  cotton,  moistened  with  bisulphide 
of  carbon,  be  put  into  the  syringe  previouslj ,  a 
brilliant  flash  of  light  will  follow  the  compres 
sion.  Even  tinder  may  be  set  on  fire  in  the 
same  way. 

The  variation  in  capacity  of  substances  n  ith 
variation  of  volume  was  explained  on  Black  s 
doctrine,  as  follows:  Ifa  sponge  soaked  in  «i 
ter  be  compressed,  a  portion  of  the  water  ex 

What  effect  does  cliBngein  Tolume  of  a  gas  have  on  its  otpacilj'  for 
lieat?  Describe  the  experiment  J"  y/.  25.  Explain  the  afpearinco 
of  fog  in  rarefying  air.  How  may  this  be  illastiateJ  e\penmental 
ly?  Describe  the  fire-syringe  and  its  method  of  attion  How  ig 
the  varialion  in  capacity  fur  heat  cxll^ned  on  Blacks  theorv? 
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ndesjust  asiiithe  syringe  the  air  allows  beat  to  escape. 
On  relaxing  the  sponge,  it  will  take  up  more  water,  just 
as  air,  when  dilated,  has  its  capacity  for  heat  Increased. 
According  to  -the  dynamical  theory  of  heat,  the  heat 
developed  during  compression  would  be  regarded  as  a 
conversion  of  the  muscular  movement  of  the  arm  into 
molecular  motion  of  the  atoms  of  air. 

The  great  degree  of  cold  which  prevails  in  the  upper 
regions  of  the  atmosphere,  as  is  shown  by  the  following 
table,  is  due,  to  a  considerable  extent,  to  the  capacity 
of  that  dilated  aiv  for  heat. 


T=™per«u... 

T^pemt^r^. 

0 
G.O0O 
10,000 

80° 
WA 

15,000 
20,000 

31°.i 
13".8 

25,000 
30,000 

-ao'.r 

The  formation  of  clouds  ia  also  expldned  on  the  same 
piinoiple.  A  stratum  of  air  resting  on  the  sea  or  moist 
earth  becomes  saturated  with  moisture,  and  by  the 
warmth  of  the  sun  begins  to  rise  through  the  atmos- 
phere. As  it  rises  it  expands,  on  account  of  the  de- 
creasing pressure,  and  its  capacity  for  heat  increases. 
A  portion  of  the  moisture  is  therefore  deposited  in  the 
form  of  drops,  and  constitutes  a  cloud. 

The  small  capacity  of  qoiclisilver  for  heat  renders  it 
a  suitable  liquid  for  thermometers,  because  it  cools  or 
warms  rapidly,  and  follows  variations  of  temperature 
more  quickly  than  water  and  most  other  fluids. 

There  is  a  connection  between  the  specJiio  heat  of 
bodies  and  their  atomic  weights.  In  most  cases,  if  sub- 
stances are  compared  together  in  the  ratio  of  their  com- 
bining proportions,  it  will  be  found  that  the  same  amount 
of  heat  will  raise  them  an  equal  nnmber  of  degrees ; 
that  is,  tfte  specific  /teat  of  cm.  elementary  body  is  ivr 
verselp  as  its  eombining proportion,.  In  the  exceptional 
cases  there  is  generally  some  simple  multiple  relation, 
as  is  shown  in  the  following  table : 

How  is  the  VBriation  in  the  CBpacity  for  heat  explained  on  the  dy- 
niunicrd  theory  ?  Wliat  is  the  cause  of  the  cold  in  the  upper  regions 
ofthoair?  What  is  the  temperaturo  at  80,000  feet?  Explain  the 
formation  of  elouda.  Why  is  quicksilver  specially  suitable  for  ther- 
mometers? What  is  the  relwion  between  specific  iient  and  atomic 
weight? 
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3  1861 

Sulphur 

2&4I(> 

yino 

3  H)o4 

3d^20 

3  2o80 

6  1050 

8  30G3 

Antimonv 

6  1'133 

3  2015 

6  3777 

Cobalt 

3  1j53 

G8732 

Platinum 

3  1976 

Biamulh 

6  47td 

From  this  tible  it  appeii  s  tbat  the  fii  st  ten  Bubstances 
show  a  close  appiosiination  m  then  cipacities  foi  heat, 
if  the  quantities  iised  be  in  proportion  to  the  atomio 
weights  instead  of  eg?(0?  weights.  The  remainder  have 
a  double  capacity.  In  compounds  the  specific  heat  may 
be  calculated  from  the  sum  of  the  atomic  heats  of  their 
components. 

Latest  Heat. 
Mrst  CJuxnge  of  Form. — Heat  of  Fluidity. 

When  solid  substances,  which  can  resist  a  high  tem- 
perature without  decomposition,  are  exposed  to  an  in- 
creasing heat,  a  point  is  eventually  reached  at  which 
they  assume  the  liquid  state.  This  point,  known  as  the 
point  of  fusion,  or  melting  point,  is  fixed  for  each  sub- 
stance 

TaNe  of  the  Melting  Poznts  of  Bocliei 


-39 

Biamuth 

512 

Oi!  of  Vitnol 

-30 

Nilrateof  Sodn 

591 

95 

Lead 

620 

Ico 

83 

Nitr-itQ  of  Polaasn 

b4e 

Phosphorna 

1115 

Zmc 

773 

136 

Yellow  Wnx 

U3  6 

19<16 

J07  7 

2016 

Cast  li  on 

2780 

Sulphui 
Tin 

239 
461 

TViougiitlron 

(abn-vo. 
(  3280 

&ome  substances,  pethaps  all,  to  a  gieater  or  less  ex- 
tent, pass  thiough  a  condition  inter\eiiing  between  the 
solid  ind  liquid  stite,  assuming  a  pastj   coniiitency. 

What  quantitiea  of  aubstancea  must  be  used  instead  of  equal 
weights?  What  change  in /orai  oecnrs  on  heating  aolid  aubstancea  ? 
State  the  melting  points  of  various  bodies — mercury,  oil  of  vitriot, 
etc.    What  intermediate  condition  may  Gubstancea  pass  through? 
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The  manufactore  of  glass  depeuds  on  such  a  property. 
It  is  also  shown  strikingly  by  various  oils  and  wax. 
Indeed,  different  liquids  may  be  said  to  present  different 
degrees  of  liquidity;  This  is  well  seen  when  sulphuric 
acid,  a  dense,  sluggishly-moving  body,  is  compared  with 
sulphuric  ether,  a  substance  of  remarkable  mobility. 
The  liquidity  of  the  liquid  state  seem3  generally  to  bo 
incref^ed  by  elevation  of  temperature. 

If  we  take  a  mass  of  ice,  the  temperature  of  which  is 
at  the  zero  point,  and  bring  it  into  a  warm  room,  examin- 
ing the  circumstances  under  which  its  temperature  rises, 
they  will  be  found  as  follows :  the  mass  of  ice,  like  any 
other  solid  body,  warms  with  regularity  until  it  reaches 
82°;  then,  for  a  considerable  period  of  time,  no  farther 
elevation  is  perceptible,  but  it  undergoes  a  inoiecular 
change,  assuming  the  liquid  condition;  when  this  is 
complete,  the  temperature  ^ain  commences  to  rise. 

That  we  may  have  precise  views  of  these  facts,  let  us 
suppose  that  the  mass  of  ice  and  the  warm  room  into 
wtich  it  is  carried  have  such  relations  to  each  other 
that  the  tempei'ature  of  the  former  can  rise  from  the 
zero  point  one  degree  per  minute ;  for  thirty-two  min- 
utes the  temperature  of  the  ice  will  be  found  to  increase, 
and  at  the  end  of  that  time,  a  thermometer,  if  applied, 
would  stand  at  32°.  But  now,  although  the  heat  is 
BtiR  entering  the  ice  at  the  rate  of  a  degree  per  minute, 
the  process  of  warming  ceases,  and  for  142  minutes  no 
farther  rise  takes  place,  but  the  ice  melts,  and  is  com- 
pletely liquefied  at  the  end  of  that  time.  The  temper- 
ature then  again  steadily  rises,  and  continues  to  do  so 
with  regularity. 

We  know,  from  experiments  lite  tbe  foregoing,  that 
about  142  degi-ees  of  heat  are  absorbed  by  ice  in  pass- 
ing into  the  condition  of  water ;  and,  as  this  heat  is  not 
discoverable  by  the  thermometer,  it  is  designated  as 
latent  heat. 

A  similar  fact  appears  when  any  liquid,  such  as  wa- 

GivB  an  example  of  the  intermediate  conJidon  substances  maj 
pass  through.  Give  on  exampla  of  diiferant  degtees  of  liquidity. 
Describe  what  occm-a  oti  warniin«;  ico.  At  what  degreo  does  its 
temperature  remain  stationary  for  a  time  F  How  long  is  the  pause  ? 
What  chaiitfcin  form  occurs  at  the  eamo  time?  What  is  meant  by 
Intent  heat? 
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ter,  passes' into  the  vaporous  condition.  If  some  water 
be  exposed  to  a.  fire  wliieh  can  raise  its  tempei'ature  at 
the  rate  of  one  degree  per  minute,  that  effect  will  con- 
tinue till  212°  are  reached ;  at  tbat  point,  no  matter  how 
much  tbe  heat  be  increased,  tbe  temperature  remains 
stationaiy.  The  water  undergoes  a  change  of  form, 
assuming  the  condition  of  a  vapor,  and  the  change  is 
completed  in  about  967  minutes.  In  this,  as  in  the  for- 
mer instance,  we  infer  that  a  large  amount  of  Iieat  lias 
become  latent,  or  undiscoverahie  by  the  thermometer, 
and  that  it  is  occupied  in  establishing  the  elastic  Ibrm 
which  the  water  has  a 


Tal/le  of  Latent  Heat  of  Bodies. 

Water 143.I3G 

1.000 
.794 
.508 
.35.-, 
.'JG5 
.179 
.171 
.139 

.lie 

.067 

.OGa 

.03.^ 

Siiver 37.92 

Tin S5,G5 

BbioatU 23.75 

Sulphur 1G,85 

Land i).G5 

Mercury G.ll 

By  the  method  of  mixtures  the  same  results  may  be 
established.  Thus,  if  a  pound  of  water  at  32°  be  mixed 
with  a  pound  at  174°,  the  mixture  will  have  the  mean 
temperature,  tbat  is,  103° ;  but  if  a  pound  of  ice  at  32° 
be  mixed  with  a  poimd  of  water  at  174°,  the  mixture 
still  remains  at  32° ;  and  the  reason  ia  clear,  from  the 
foregoing  considerations,  tbat  ice,  in  passing  into  the 
liquid  state,  requires  142°  of  latent  heat. 

At  wliat  point  does  water  pause  wlien  -narrned  ?  How  many  de- 
grees of  lieat  ai-e  required  to  vaporize  water?  What  ims  become  of 
tha  lieat?  Do  all  subsloncca  tiave  ihe  samo  amount  of  latent  heat? 
How  cim  the  duclrine  of  lalent  lient  bo  proved  by  tbe  method  of 
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LECTURE  IS. 


Latent  Heat, — Heat  evolved  in  Solidijication. — Theo- 
ry of  M-eesinff  Mixtures. — Expansion  during  SoUcH- 
fieation. — Freezing  and  Melting  Point  of  Wate): — 
lis  latent  Meat  affects  the  Dwration  of  Autumn  ami 
Spring. — Megelation. — Heat  of  EkisticiPy. — Boiling 
JPointa  of  various  Idqidds, — NatuTV  of  Vapor, 
When  a  liquid  assumes  the  solid  form  a  considerable 
amount  of  heat  is  evolved.     The  cause  ia  readily  Ticdev- 
stood  from  what  we  have  seen  taking  place  during  the 
reverse  process,  which  has  led  us  to  the  fact  that  the 
difference  between  any  given  solid  and  the  liquid  which 
arises  from  it  by  melting  is  in  the  large  amount  of  la- 
tent heat  which  is  found  in  tlie  latter,  and  which  is  oc- 
cupied in  giving  it  its  form. 

A  saturated  solution  of  sulphate  of  soda  maybe  cooled 
from  its  boiling  point  to  common  temperatures  in  a  ves- 
sel tightly  corked  without  solidification  taking  place, 
bitt  when  the  cork  is  withdrawn,  crystaliizatiou  ensues, 
and  heat  is  evolved.  This  may  be  proved  by  taking  a 
bottle  filled  with  such  a  solution,  and,  having  introduced 
the  bulb  of  an  air-therrao meter  through  the  neck  by 
means  of  an  air-tight  cork,  the  mouth  of  the  bottle  is  to 
be  carefully  stopped,  AVhen  the  whole  apparatus  has 
reached  the  ordinary  temperature  of  the  air  the  stopper 
is  withdrawn,  and  solidification  afc  once  takes  place ;  or, 
if  it  should  at  first  fail,  the  introduction  of  a  crystal  of 
sulphate  of  soda  will  bring  it  on.  At  that  moment  it 
will  be  perceived  that  not  only  does  the  thermometer 
indicate  a  rise  of  temperature,  but,  if  tlic  bottle  be 
grasped,  it  will  be  found  to  be  sensibly  warm. 

On  these  principles  depends  the  action  of  freezing 
mixtures,  of  which  the  following  is  an  example.  If  wo 
take  8  parts  of  crystallized  sulphate  of  soda  and  mix  it 

What  becomes  of  the  latent  lient  of  a  fluid  when  it  soIWifies? 
What  is  the  difference  betiveen  the  solici  and  liqnid  forms'  of  n  sab- 
stance?  Describe  tlic  expenment  with  siilpliote  of  soda.  What 
change  of  tempevattii'o  is  seen?  Describe  the  action  of  a  freezing 
mixture. 
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in  a  thin  tnmblei'  with  5  parts  of  hydrochloric  aei(3,  tlio 
sulphate  of  soda,  from  being  a  solid,  assumes  the  liquid 
form;  and  taking,  iu  order  to  effect  that  change  of  form, 
heat  from  surrounding  bodies,  it  reduces  their  temper- 
ature. This  may  be  shown  by  placing  4  parts  of  water 
in  a  thill  glass  test-tube  and  etiiTing  it  about  iu  the 
mixture ;  the  water  speedily  freezes,  even  o 

Table  of  Freezing  Matures. 


Mixture. 

lleducliou  of  Teni- 

FromSO^to     i" 
•'■     r.O'-lo     0 

"       0   to -46=' 

Salphate  of  Soda  8,  Hydrochloric  Acid  fi.. 

Snow  8,  Dilnto  Nitric  Acid  2 

All  these  mixtures  depend  essentially  on  the  princi- 
ple under  consideration,  that  latent  heat  must  be  fur- 
nished to  a  substance  passing  from  the  solid  to  the 
liqaid  state;  a  cubic  yard  of  ice  would  require  a  bushel 
of  coal  to  melt  it.  They  consist  of  vanous  solid  sub- 
stances, the  liquefaction  of  which  is  brought  about  by 
the  action  of  other  bodies.  Even  during  the  liquefac- 
tion of  an  alloy  by  quicksilver  the  same  tiling  is  ob- 
sei-ved.  An  alloy  of  lead,  tin,  and  bismuth,  dissolved 
in  mercury,  will  cause  a  thermometer  to  sink  from  03° 
to  14^ 

Many  substances,  when  solidifying,  expand.  This  is 
the  case  with  water,  iu  which  the  amount  of  expansion 
ia  about  -Jtli  of  the  bulk.  The  forcff  which  is  exerted 
under  these  circumstances  is  very  great,  and  capable  of 
tearing  open  the  strongest  vessels.  This  may  be  shown 
by  filling  a  bottle  with  water,  and  fastening  the  cork 
down  tightly  with  wire.  On  putting  it  into  a  freezing 
mixture,  congelation  promptly  takes  place,  and  the  bot- 
tle is  burst.  An  iron  bottle  filled  with  melted  bismuth, 
and  allowed  to  cool,  is  broken  in  the  same  manner. 

The  freezing  point  of  water  is  usually  spoken  of  as  a 
fixed  point,  and  is  marked  as  such  upon  the  scales  of 
oui  theimometers,  but  if  water  be  cooled  without  agi- 

Why  1^  cold  produced?  Give  examples  of  other  freezing  mix- 
turoB  ^\  hat  is  llie  esseiilinl  principle  of  freezing  mixtures  7  What 
ir.  iho  imount  of  expansion  of  wiiter  in  freezing?  How  may  the 
force  exerted  bo  shoivn?     Is  the  freezing  of  water  a  fixed  point? 
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tation  it  may  be  brougbt  as  low  as  15°.  By  causing 
the  freezing  to  take  place  in  very  Btroug  vessels  of  steel, 
Mouason  found  that  under  a  pressure  of  13,000  atmos- 
pheres water  remained  liqaid  at  0°,  and  that  if  ice  were 
introduced  into  the  apparatus,  on  applying  pressure,  it 
was  unable  to  preserve  the  solid  state ;  its  bulk  was  re- 
duced at  13,000  atmospheres  by  ^t^  of  the  volume  at 
32°. 

But  tbougli  water  will  retain  its  liquid  fomi  far  below 
its  freezing  point,  ice  can  not  be  brought  above  32° 
without  melting.  The  melting  of  jce  is,  therefore,  the 
fixed  thevmometric  point. 

Wehave  seen  that  the  possession  of  a  point  of  maxi- 
mum density  by  water  exerts  a  great  effect  upon  the 
duration  of  the  seasons ;  a  similar  observation  might  be 
made  as  respects  its  latent  heat.  If  ice,  by  the  absorp- 
tion of  a  single  degree  of  heat  when  it  passes  from  32  , 
could  turn  mto  water,  the  great  deposits  of  winter 
would  suddenly  melt,  and  immdations  be  frequent,  just 
as  when  Etna  pours  a  torrent  of  lava  down  its  snow- 
clad  sides,  the  flood  is  more  destructive  than  the  molten 
mass ;  or  if  water,  by  losing  a  angle  degree  of  heat, 
tuvned  into  lee,  freezing  would  go  on  with  great  rapid- 
ity. To  the  melting  of  snow  or  the  freezing  of  water 
time  is  necessary;  the  142°  degrees  of  latent  heat  have 
to  be  disposed  of;  this,  therefore,  serves  to  procrasti- 
nate the  approach  of  winter,  and  causes  the  spring  to 
come  on  more  slowly. 

If  two  pieces  of  ice  at  82°,  with  moistened  surfaces, 
are  placed  in  contact,  they  freeze  to  one  anothei'.  This 
phenomenon  is  called  regelatioii,  and  will  occur,  though 
the  air  may  be  at  80°,  or  the  ice  be  in  water  of  that 
temperature.  In  the  same  way,  flannel,  hair,  or  cotton 
will  freeze  to  ice,  though  the  metals  will  not.  By  plac- 
ing fragments  of  ice  in  wooden  moulds,  as  in  Fig.  27, 
C  I),  H  P,  and  applying  a  severe  pressiu'e,  spheres,  as 
B,  cups,  lenses,  etc.,  may  be  formed,  Tho  cause  of  the 
refreezing  has  not  been  ascertained  up  to  the  present. 
Regelation  explains  tho  original  formation  of  glaoiei-s 
from  damp  snow,  and  accoimts  for  their  motions  and 

Describe  Mousson's  experiment.  Is  the  melting  of  ice  a  fixed 
pnintf  What  dfect  has  tlio  latent  heal  of  water  on  llio  seasons? 
What  is  meant  by  regelation? 
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avoids  the  necessity  of  eupposing  that  the  ice  i; 
cous  body. 

Second  Change  of  Ihmi. — Heat  of  Elastic, 
Exposed  to  a  rise  of  temperature,  liquid 
boil  at  a  particular  point,  which  varies  with  their 

Tabh  ofBoil'mfj  Points 


17' 

Aeetie  Acid 

243° 

Ether 

Hitnc  Acid 

BisulphiJe  of  Carbon 

118" 

314" 

Pliosphovug 

1.34° 

Alcohol 

173° 

Sulphtirio  Acid 

640= 

Water 

212" 

(,62° 

A  technical  distinction  is  made  between  i  gas  and  i 
■vapoi  By  the  Utter  we  underitand  a  gis  which  will 
leadily  tike  on  the  liquid  form  f,^  33. 

Some  of  the  loading  pei-uhaiities  in 
the  conetitntion  of  vapors  may  be  ex- 
hibited by  the  followiuft  experiment: 
take  a  glass  tube,  a  «,  Mg.  28,  with  a 
bulb,  h,  blown  on  its  upper  extremity ;  ' 
pour  water  into  the  bulb,  filling  the  tnbe  \ 
to  within  an  inch  or  two  of  the  end;  ihia  s 

Whnt  does  Fig.  27  illnstrnte?  Do  all  fluids  boil  Ht  the  same 
point?  Give  the  boiling  points  of  sulphurous  acid,  ether  etc  Wh  it 
is  the  distinction  between  a  &s  and  a  vapor  ?  What  f  \et  is  Fig  _b 
intended  to  illnstrato  ?     Desoiibe  the  ir  '       ■   •       ■ 
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vacant  space  fin  with  Bulpburic  etlier;  and  now-,  closing 
the  encl  of  the  tube  with  the  finger,  invert  it  in  a  glass 
of  water,  as  is  represented  in  the  figure.  The  ether,  be- 
ing much  lighter  than  water,  at  once  rises  to  the  upper 
part  of  the  bnlb,  as  is  shown  by  the  light  space,  the 
bulb  being,  of  course,  full  of  ether  and  water  conjointly. 
On  the  application  of  a  spirit-lamp  the  ether  vapor- 
izes, and  presses  the  water  .out  of  the  bulb  into  the  glass 
cap.     Three  important  facts  may  now  be  established. 

Ist.  Vapor's  occupy  more  space  than  the  liquids  from 
which  they  arise, 

2d.  They  have  not  a  misty  or  fog-like  appearance,  but 
are  perfectly  transparent. 

3d.  When  their  temperature  is  reduced,  they  collapse 
to  the  liquid  state. 

It  has  already  been  shown  that  a  large  amount  of 
heat  becomes  latent,  constituting  the  heat  of  elasticity 
of  vapors.  Tlie  temperature  of  steam  is  212°,  as  is  that 
of  the  water  from  which  it  vises,  but  it  contains  966° 
of  latent  heat,  which 
give  it  its  new  form. 
Difierent  vapors  con- 
tain different  quanti- 
ties of  latent  heat: 
ether,  163°;  alcohol, 
375°;  bromine,  82°; 
iodine,  43°.  It  is  the 
large  amount  of  latent 
heat  which  ma'kes 
steam  so  efQcient  in 
warming.  The  steam 
arising  from  one  gal- 
lon of  water  will  raise 
the  tempevatnre  of 
five  gallons  from  the 
freezing  to  the  boil- 
ing point;  its  heat  of 
elasticity  is  nearly  suf- 
ficient, were  the  steam 
a  solid  body,  to  make 
Whnt  facts  are  established  by  it?  What  is  the  difference  be- 
tween steam  nnd  water  ot  312°  ?  Do  all  vapors  have  the  same 
amount  of  latent  heat? 
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it  visibly  red-hot  in  the  daylight.  In  the  warming  of 
buildings  by  steam-pipea,  each  square  foot  of  their  sur- 
face ■will  heat  200  cubic  feet  of  the  suiTouuding  air  to 
T5°,  and  will  require  about  170  cubic  inches  of  boiler 
capacity  for  its  supply. 

The  latent  heat  of  vapors  is  determined  by  an  appa- 
ratus arranged  as  in  Mff,  29.  A  is  a  flask  to  contain 
the  liquid ;  B,  a  receiver  -with.a  spiral  tabe,  terminating 
at  d.  C  contains  a  weighed  quantity  of  water.  The 
liquid  is,  distihed  into  S,  and  the  rise  of  temperature 
measured  by  the  thermometer  (/  s  is  a  tube  for  agita- 
tion, ii  is  a  tin-plate  screen  to  shut  off  the  influence  of 
the  lamp.  The  whole  is  inclosed  in  an  outer  tin  vessel,  JJ. 


LECTURE  X. 
Vaporization. —  Vapors  ^rm  at  all  Tempei'atures. — 
Fm-m  instantly  in  a  vacuum,  —  Diminution  of 
Pressure  favors  M}aporation. — Elaatia  Force  of  Va- 
pora. —  Gmnulative  Fressure  of  heated  Yapor. — ^^e- 
striction  on  Marriott^a  Imib. — Elasticity  increases 
with  Temperature. — Maximum  density  of  Vapors. — 
Jjiqiiefaetion  of  Gases. 

Vapoeizatiox  goes  on  at  all  temperatures.  It  is  not 
necessary  that  the  boiling  point  should  be  reached; 
even  ice  will  evaporate  away,  and,  if  put  in  the  vacuum 
of  a  barometer,  will  depress  the  mercurial  column.  The 
thin  films  of  this  substance  often  seen  incrusting  win- 
dows may  disappear,  without  melting,  and  a  mass  of 
ice  freely  exposed  to  the  air  on  a  dry  frosty  day  loses 
weight.  So  camphor  is  constantly  giving  off  a  vapor, 
which  ciystallizes  on  the  cold  side  of  the  bottle  contain- 
ing it.  Steam,  therefore,  rises  from  water  at  all  tem- 
peratures, but  with  more  rapidity  and  a  higher  elastic 
force  as  the  temperature  is  higher. 

In  a  vacuum  vapors  form  instantaneously.  If  a  num- 
ber of  barometer  tubes,  Mff.  30,  be  taken  and  filled  with 
raercnry  in  the  usual  manner,  the  difibrence  of  volatility 
DcEcribc  Fiji.  39.  \Vliat  is  its  object?  la  vaporization  limited  to 
nny  particular  tempcratnte?  How  can  it  lia  proved  thnt  ice  may 
evaporate  ?    Wliat  is  the  effect  of  a  vacuum  on  vaporization  ? 
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of  various  substances  may 
be  shown.  Let  1  be  kept 
as  a  standard  of  reference. 
Pass  a  few  drops  of  wa- 
ter iuto  2,  of  alcohol  into 
3,  ofbisnlpbideof  carbon 
iuto  4,  and  of  ethei-  into 
5,  Tho  mercury  will  be 
progressively  move  aud 
more  depressed  in  each 
case. 

Diminution  of  pressure 
favors   evaporation,   and 
many  liquids  ivould  be 
pernianeiitly  gaseous  if 
the  pressure  of  the  air 
were  removed.     1%  bi. 
Take     a    glass       g* 
tube,    j\,    Fig.       E  A 
3],closedatO]ie       S 
eudj  and,  hav-    JL 
ing  filled  it -with  ^© 

water,  invert  Jt    ^^IB 

^^E^      ~  into  a  cup,  B,    ^^S 

and  introduce  into  it  a 
little  sulphuricethei,  1,1  hull  will  rise  to  a.  On  covering 
the  whole  with  an  an  pump  jar,  and  exliausting,  the 
ethci  boil%,  and  gives  off  a  tianspavent  vapor.  On  re- 
admitting the  air,  the  other  goes  back  to  the  liquid  con- 
dition. By  increase  of  pressure,  as  well  as  by  diminu- 
tion of  temperature,  vapore  may  be  condensed. 

In  the  process  of  evaporation,  vapor  is  supplied  only 
from  the  surface,  and  consequently  is  more  rapid  as  the 
surface  is  larger.  In  the  salt-works  of  Salzburg  the 
brine  is  made  to  trickle  through  brnshwood,  and  the 
water  evaporates  with  great  quickness.  By  covering 
an  evaporating  surface  of  water  with  oil,  evaporation  is 
entirely  suspended. 

Though  vapors  occupy  more  space  than  the  liquids 
from  which  they  come,  the  increase  of  volume  is  by  no 

Describe  the  instrument  Fig.  30.  What  effect  bcs  diminution  of 
prfeSBuvo  on  vnpotization  ?  Describe  Fit].  3i .  What  effect  has  sur- 
face on  evaporation  ? 
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no  means  the  same  in  all  cases.  At  the  ordinary  pres- 
sure, a  cubic  inch  of  water  produces  1696  cubic  inches, 
nearly  a  cubic  foot,  of  steam;  alcohol,  528  ;  ether,  298; 
oil  of  turpentine,  193.  Hence,  though  the  three  last- 
named  liquitfe  take  up  less  latent  heat  than  water  in  va- 
porizing, they  could  not  be  economically  used  in  a 
steam-engine,  because  the  expansive  force  is  propor- 
tionately less,  a  smaller  bulk  of  vapor  being  given  off. 

The  elastic  force  exerted  by  vapors  within  certain 
limits  can  be  measured  by  the  apparatus  Fig.  30.  The 
theory  of  the  process  is  very  simpie.  The  height  at 
which  the  barometer  stands  is  determined  by  the  press- 
ure of  the  aiv.  As  long  as  there  ia  nothing  ^.  „ 
to  counterbalance  that  pressure,  the  mercury 
is  forced  up  by  it  in  the  tube  to  a  height  of  ' 
30  inches ;  but  on  introducing  some  ethet", 
as  at  a  a,  Fig.  32,  the  vapor  which  forms, 
exerting  an  elastic  force  in  the  opposite  di- 
rection, tends  to  push  the  mercury  out  of 
the  tube.  On  the  one  hand,  we  nave  the 
pressure  of  the  air ;  on  the  other,  the  elastic 
Ibree  of  the  ethereal  vapor ;  they  press  in 
opposite  directions,  and  the  reStilting  alti- 
tude at  which  the  mercury  stands  ezpres 
and  indeed  measures  the  elastic  force  of  the  ^ 
vapor.  Thus,  at  a  temperature  of  80°, 
ter  will  depress  the  mercurial  coiumn  about  1  inch,  al- 
cohol about  2  inches,  and  sulphuric  ether  about  20. 
These  numbers,  therefore,  represent  the 
elastic  force  of  the  vapors  evolved. 

In  close  vessels,  from  which  there  is 
no  escape,  or  fi-om  which  the  escape  is 
greatly  retarded,  a  constantly  accumti- 
lated  force  is  generated  when  the  tem- 
perature is  raised.  Thus,  if  wo  place  i 
some  water  in  a  flask,  a,  Fig.  33,  into  \ 
which  a  tube,  b  6,  is  inserted  air-tight 
by  means  of  a  cork,  and  bent  in  the  , 
form  exhibited  in  the  figure,  and  dip- 
Do  all  liguida  expand  cqnall}'  in  assuming  the  vaporotis  state? 
How  may  llio  elasiic  force  of  vapors  ba  measured  by  tlie  barame- 
tcr?  What  is  the  principle  involred?  "What  results  from  healing 
a  liqaid  in  a  close  vessel  ?    Describe  Fig.  33. 
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ping  nearly  to  tUe  .b  tt         t  th    fl    I.     n  th      pi  1 
cation  of  a  spirit-iamp    th        1       g         til 
110  passage  of  escape        6        1  tl^       PP      1 

of  the  flask,  and,  ex  !    t      f  p 

the  liqnid  through  th         b     m  t  t      m 

The  mechanical  force     h    h  th  wh  y  a 

enue  of  escape  is  stopp  d  t  k  gly  h  b  t  d  by  th 
little  glass  bulbs  called  eandle-bomba.  These  are  small 
globules  of  glass  about  as  large  as  a  pea,  with  a  neck 
an  inch  long ;  into  the  interioi-  a  drop  of  water  is  intro- 
duced, and  the  termination  of  the  neck  hermetically 
Fig.  M.  sealed  by  meltiog  the  glass.     Wlien 

',  ■,  ,  ,  ,  ^  one  of  these  is  stuck  in  the  wick  of 
,-''  a  candle  or  lamp,  as  in  ^iff.  84,  the 
---  heat  vaporizes  a  portion  of  tlie  wa- 
—  ter,  and,  there  being  no  passage 
through  which  the  steam  can  escape, 
the  bulb  is  bui'st  to  pieces  with  a 
loud  esplosion,  a  mechanical  force 
wiiich  is  wonderful,  when  we  consid- 
er the  amount  of  water  employed.  It  is  a  miniature 
representation  of  what  takes  place  on  the  large  scale  in 
the  bursting  of  high-pressure  steara-boDers. 

Marriotte's  law,  which  aligns  the  volume  of  a  gas 
Tinder  variations  of  pressure,  applies,  under  certain  re- 
strictions, to  the  case  of  vapors.  A  permanently  elastic 
gas,  when  the  pressure  is  doubled,  contracts  to  one  half 
of  its  former  volume;  if  the  pressure  be  tripled,  to  one 
third,  and  so  on;  but  not  so  with  vapors.  If  upon 
steam,  as  it  rises  from  water  at  212°,  any  increase  of 
pressure  be  exerted,  this  vapor  at  once  loses  its  elastic 
foim,  and  instantly  condenses  into  water.  But  vapors, 
like  atmospheric  air,  if  the  pressure  apon  them  be  di- 
minished, follow  Maniotte's  law.  Thus,  if  the  pressui'e 
be  reduced  to  one  half,  steam  at  once  doubles  its  vol- 
ume. For  vapors,  Marriotte's  law,  therefore,  holds  for 
diminutions  of  pressure;  but  when  the  pressure  is  in- 
creased it  apparently  fails,  the  vapoi-a  relapsing  into  the 
liquid  form. 

That  the  elasticity  of  a  vapor  jncTeases  with  its  tem- 
Whnt  ie  tho  coiistrnction  of  a  csndIe-bonil>  ?     Wliat  13  Slnrviotte'i 
Jsw?    Docs  it  npply  to  viipora?    What  is  the  effect  produced  !)y  in- 
oreasins  the  pressure  on  a  vapor  ? 
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pevature  may  be  readily  proved  by 
taking  a  tube  one  tbircT  of  an  iudi  in 
\,  diameter  and  30  inches  long,  closed 
it  one  end,  a.  Fig.  35,  -with  ajar,  5, 
"n  inch  or  more  in  diameter,  and  30 
inL,be8  deep.  Let  tbe  tube  be  filled 
with  quicksilver,  so  as  to  leave  a 
space  of  half  an  inch,  into  which 
ethei  may  be  poured;  invert  the 
tube  m  the  deep  jar,  also  containing 
quicks  \\  er ;  the  ether,  of  course, 
uses  to  the  other  closed  extremity. 
If  the  tnhe  be  lifted  in  the  jar  as 
high  IS  possible  without  admitting 
evtemal  air,  a  certain  portion  of  the 
cthei  will  vaporize,  and,  depressing 
the  quiL:ksilver,  its  elastic  force  may 
be  nieasared  by  the  length  of  the 
lesnlting  column.  If  now  the  closed 
end  oi  the  tube  be  grasped  in  the 
1  ■^nd  or  if  it  be  slightly  warmed  by 
the  application  of  a  lamp,  the  mer- 
cunal  column  is  at  once  depressed, 
pioinDg  that  the  elastic  force  of  the 
\  apoi  IS  increasing.  As  soon  as  the 
tube  IS  'w  armed  to  the  boiling  point 
of  the  ether,  the  column  of  mercury 
I'i  depiessed  exactly  to  the  level  on 
the  outside  of  the  tube.  At  this 
point  theiefoie  it  balance'!  or  is  equal  to  the  pressure 
ofthe-iu 

Now  let  the  tube  be  depressed  in  the  jar,  it  will  be 
seen  with  whit  ticihty  tlie  vapor  reassumes  the  liquid 
condition.  As  the  tube  descends  tbe  vajpor  condenses, 
and  the  mercury  keeps  constantly  at  the  same  level- 
On  raising  tbe  tube  fresh  portions  of  the  ether  vapor- 
ixe,  the  mercury  still  retaining  its  height  above  the  gen- 
eral level.  There  is,  therefore,  a  point  of  maximum 
density  for  each  temperature  when  the  vapor  is  in  con- 

Ilow  may  tho  relation  lietween  the  elastioitj'  of  a  vapor  and  the 
lemperatuve  be  shoivnf  What  effect  is  seen  on  wanning  the  tube. 
Fig.  35?    When  Iho  tiibo  is  warmctl  to  llio  boiling  point  of  tlic  ether 
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tact  witli  the  liquid.  It  can  not  be  sin-passed  by  in- 
creasing tiie  pressure,  because  a  part  of  the  evaporated 
liquid  immediately  condenses,  while  a  decrease  of  press- 
ure causes  volatilization  of  a  fresh  portion.  The  point 
of  maximum  density  rises  with  the  temperature  of  the 
vapor.  The  density  of  air  at  212°  being  taken  as  1000, 
that  of  the  vapor  of  water  at  its  maximum  density  iviU 
be  as  follows : 


Table  of  the  Maximum  Density  of  Water  Vapor 

DenBlty.                Weight  of  ion  cubic  inchcJ. 

82" 

150" 
212^ 

5.690                       .136  grains 
10.393                       .247      " 
li.lOS                           .333       " 
46.600                     1.113      " 
170.293                     4.076     " 
625.000                      14.962       " 

T!ie  tension  or  elasticity  of  all  vapors  is  nearly  the 
same,  if  compared  at  temperatures  which  represent  dif- 
ferences of  an  equal  number  of  degrees  above  or  belo\Y 
the  boiling  points  of  the  respective  liquids. 

By  exerting  severe  pressure  on  various  gases,  as  sul- 
phurous acid,  cyanogen,  chlorine,  carbonic  acid,  and  pro- 
toxide of  nitrogen,  they  have  been  made  to  assume  the 
liquid  condition ;  but  other  gasft,  as  hydrogen,  oxygen, 
and  nitrogen,  may  be  exposed  to  a  pressure  of  58  atmos- 
pheres, and  cooled  to  — 140°  without  liquefying.  Air  has 
been  reduced  by  pressure  to  ^|^  of  its  volume,  and  sub- 
jected to  a  bath  of  ether  and  solid  carbonic  acid  (—166°) 
without  changing  its  form. 

What  is  meant  by  the 
fet  has  severe  pi-essure  oi 
gases  bo  liqaefied  ? 


Hc^i^db,  Google 


LECTURE  XI. 
Ebullition. —  Theory  of  Soiling. — In  a  close  Vessel 
Water  never  Boils. — Ji^eot  of  Air  in  Moiling  Water. 
— Instantaneous  Condensation  of  Water. —  Variabit- 
ity  of  the  Boiling  Point. — £^eet  of  Pressure. — Ef- 
fect of  the  Mature  of  the  Vessel. — Saline  Sohilions, 
— Boiling  on  Mountains. — Spli^roidal  Slate  of  li- 
quids.— I^eesing  in  a  red-hot  T'easei 
By  intvoducing  different  liquids  into  a  tiibo  arranged 
as  represented  in  Mg.  35,  we  can  prove  that  as  soon  as 
the  boiling  point  of  a  liquid  is  reached,  the  elastic  force 
of  the  vapor  rising  from  it  is  equal  to  the  pressure  of 
the  air.    At  a  temperature  of  80°,  vapor  of  water  will 
depress  the  mercurial  column  of  a  barometer  about  one 
inch;  batif  the  temperatare  bo  raised  to  212°,  the  mer- 
cury is  at  once  depressed  to  the  level  in  the  cistern. 

On  these  principles,  the  phenomena  of  boiling,  or  ebul- 
lition, are  easily  explained.  When  the  temperatare  of 
a  liquid  is  raised  sufEciently  high,  vapor  is  rapidly  gen- 
erated from  those  portions  of  the  mass  which  are  hot- 
test, and  the  violent  motion  characterized  by  the  term 
boiling  is  the  result.  This  is  due  to  the  fact  that  the 
elastic  force  of  the  generated  vapor  at  that  point  ia 
equal  to  the  atmospheric  pressure,  and  the  vapor  bub- 
bles expanding  can  maintain  themselves  in  the  liquid 
without  being  crushed  in ;  they  vise  to  the  surface,  and 
there  burst.  But,  inst  before  ebullition  takes  place,  a 
singing  sound  is  often  beard,  due  to  the  partial  formar 
tion  of  bubbles,  which,  so  long  as  they  are  in  the  neigh- 
borhood of  the  hottest  part,  have  elasticity  enough  to 
maintain  their  form ;  but  the  moment  they  attempt  to 
rise  througii  the  cooler  portion  of  the  liqiiid  just  above, 
their  elasticity  is  diminished  by  their  decline  of  temper- 
ature, and,  the  atmospheric  pressure  crushing  them  in, 
tliey  resume  the  liquid  condition.     For  a  few  moments. 

What  is  the  elastic  force  of  a  vnpoi'  nt  the  boiling  point  ?  What 
is  the  elastic  force  of  vapor  of  water  at  80°  and  at  213"  ?  Dascribo 
the  phenomena  of  hoilicg.  Wliat  i*  ilie  singing  sound  previous  to 
ebullition  duo  to? 
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then,  while  tlie  vapor  has  not  gathered  elastic  force 
enough  to  maintain  its  condition  perfectly,  these  bnb- 
blea  are  transiently  formed  and  disappear,  and  the  liquid 
is  thrown  into  a  vibratory  movement,  ivhich  gives  rise 
to  the  singiog  sound. 

Water,  when  heated  in  a  vessel  from  wliieh  the  steam 
can  not  escape,  never  boils.  This  takes  place  in  the  in- 
toi-ior  of  Papin's  Digester,  a  strong  metallic  vessel  in 
which  water  is  inclosed,  and  the  orifice  through  which 
it  was  introduced  fastened  up.  As  the  steam  can  not 
escape,  the  water  can  not  boil,  no  matter  what  the  tem- 
perature may  be ;  but  the  vapov  aceumuiating  in  the 
interior  of  the  vessel  exerts  an  enormous  pressure.  It 
is  under  the  same  conditions  as  were  considered  in  the 
case  of  candie-bombs.  Papin's  Digester  is  used  to  effect 
the  solution  in  water  of  bodies  which  are  not  acted  on 
readily  by  that  liquid  at  its  common  boiling  point. 

The  presence  of  air  assists  the  boiling  of  water ;  in- 
deed, pure  water  can  not  boil  at  all.  When  the  air  is 
nearly  expelled  by  lieating  in  vacuo,  the  temperature 
will  rise  to  360°  in  an  open  vessel :  a  sudden  burst  of 
vapor  will  then  often  shatter  it.  Slowly-frozen  ice, 
heated  under  oil,  acts  in  the  same  manner.  When  a 
liquid  has  but  iittle  adhesion  to  air,  as  in  the  cs^e  of 
sulphuric  acid,  a  bumping  or  in-egular  boiling  is  seen. 
As  a  vapor  lisiug  from  a  vaporizing  fluid  will  hear 
ns-  sa.  no  increase  of  pressure,  so  neither 

/,  will  it  bear  any  reduction  of  temper- 

ature -without  instantaneously  con- 
densing. This  may  be  strikingly 
shown  Dy  an  arrangement  such  as  is 
represented  in  Mff.  36.  Into  the 
1  mouth  ofaflask,a,lettherebefitted 
a  tube,  6,  half  an  inch  in  diameter, 
bent  as  in  the  figure.  Having  intro- 
duced a  little  water  into  the  flask, 
cause  it  to  boil  rapidly  by  the  ap- 
plication of  a  spirit-lamp.    The  steam  wiiich  forms  soon 

Whflt  results  in  heating  wnter  in  a  close  vessel  ?  Describe  Papin's 
Digester.  Whj  does  not  the  water  in  it  boil  ?  Whnt  effect  has  the 
air  in  water  on  hoilins?  What  is  the  effect  on  steam  of  rednction 
of  temperature?  How  ia  this  shown  by  the  inBlrumoiit  vopTesentect 
in  Fig.  3G? 
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drives  the  atmospheric  air  ffoin  the  flask  and  tube ;  and 
■when  tins  ia  entirely  completed,  and  tho  vapor  issues 
abundantly  from  the  raoutli  of  the  tube,  plunge  the  end 
of  the  tube  beneath  some  cold  water  contained  in  the 
jar  c,  and  take  away  the  lamp.  As  soon  as  this  is  done, 
the  cold  water,  condensing  the  steam  in  the  tube,  rises 
to  occupy  its  place,  and  presently  ps^siug  over  the  bend, 
introduces  itself  with  surprising  yiolent.e  into  the  inte- 
rior of  the  flask,  filling  it  entirely  lull  oj  which  more 
commonly  takes  place,  breaking  it  to  pieces  mth  the 
force  of  the  shock.  The  low-pressure  engine  depends 
on  this  fact  of  the  rapid  eondensibilifj  of  vipor,  the 
Ligh-proseure  engine,  on  ita  elastic  force 

The  principle  involved  in  the  action  of  ^^  " 

the  io  w-pressnre  engine,  and  more  especial 
ly  that  form  which  was  the  invention  ot 
Newcomen,  is  well  illustrated  by  the  lu 
gtrument  Ji'ip.  SI.  It  consists  of  a  j,!'*^^ 
tube,  blown  into  a  bulb  at  its  lowei  e\ 
tremity.  In  the  bulb  some  water  is  place  3 
and  a  piston  slidea  without  leakage  in  the 
tube.  On  holding  the  bulb  in  the  flame 
of  a  spirit-lamp,  steam  is  generated  an  i 
the  piston  forced  npward.  On  dippnig  it 
in  a  basin  of  cold  water,  the  steam  con 
denses,  and  the  piston  is  depressed  and 
this  action  may  be  repeated  at  pleas  ii  o 

As  the  pressure  of  the  atmosphei  1c 
termines  the  boiling  point  of  a  liquid,  and  as  that  piess- 
ure  is  variable,  the  boiling  point  is  not  fixed,  but  is  va- 
riable. If  a  glass  of  warm  water  be  placed  beneath  the 
receiver  of  an  air-pump,  when  tho  rarefaction  has  reach- 
ed a  certain  point  ebullition,  sets  in,  and  the  water  con- 
tinues to  boil  at  a  lower  temperature  as  the  exhaustion 
is  more  perfect.  In  a  vacuum,  water  can  be  made  to 
boil  at  32°, 

On  this  principle,  that  the  boiling  point  depends  on 
the  existing  pressure,  we  find  an  explanation  of  a  cu- 

What  effect  is  pi'oSuced  by  tlio  rapidity  of  conilonuation  f  On 
what  properly  of  vapor  does  the  low-pressure  engine  deiieiiil  ?  On 
what  the  high-presanrc?  Describe  the  instrument  fi'?.  37.  What 
effbct  has  rarefaction  of  the  sir  on  tho  boiling  point?  At  what  teni- 
perntura  may  water  boil  in  a  vacuum? 
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VARIATION'S  IN   THE  BOILlXtt  POIXT. 

e'>cpsnment,  called  the  culinaiy  paradox,  in  which 
ebullition  is  appai-entJy  brought  about  by 
the  application  of  cold.  Take  a  flask, «, 
Fig.  88,  and,  having  filled  it  half  fnl!  ofwa- 
ter,  cause  the  water  to  boil  violently  bo  as 
to  expel  the  atmospheiic  air;  introduce  a 
cork  which  will  fit  the  month  of  the  flask 
air-tight  a  moment  after  it  is  moved  from 
the  lamp,  and  before  any  atmospbei-ic  air 
has  been  mtioduced.  If  the  flask  be  now  dipped  into  fi 
jar,  5,  of  cold  water,  its  water  begins  to  boil,  and  will 
continue  to  do  ao  nntilthe  temperature  is  reduced  quite 
low.  This  phenomenon  is  due  to  the  fact,  that  the  cold 
water  condenses  the  steam  in  the  flask,  and  a  partial 
vacnam  is  the  result.  In  this  partial  vacuum  the  water 
boils,  and  the  steam,  as  fast  as  it  is  generated,  is  con- 
densed by  the  cold  sides  of  the  flask. 

Besides  this  variation  of  the  boiling  point  under  v^ 
riation  of  pressure,  the  nature  ofthe  vessel  in  which  the 
process  is  carried  forward  exeits  a  ceitain  action ;  thus, 
"-  '  polished  glass  vessel  the  boiling  point  is  214%  but 
.  pinch  of  metallic  flll-.igs  be  put  in,  it  falls  to  212° ; 
in  a  rough  metal  vessel  it  is  212°.  If  tho  glass  has  been 
carefully  cleaned  with  hot  sulphuric  acid,  water  may  bo 
heated  to  221°,  and  then  boiling  takes  place  wlthTiursts 
ofsteam,the  temperatiire  each  time  falling  to  212°.  The 
presence  of  oil  elevates  the  boiling  point  three  or  four 
degrees. 

The  solution  of  a  salt  in  water  elevates  the  boihng 
point  by  the  infiuenee  of  adhesion,  and  more  in  propor- 
tion as  the  amount  of  salt  is  larger.  A  saturated  soln- 
tion  of  chloride  of  calcium  boils  at  356°,  of  acetate  of 
potassa  at  336°,  of  nitrate  of  lime  at  304°,  of  common 
salt  at  22'J°.  In  certain  mountainous  regions  meat  can 
not  be  cooked  by  the  ordinary  process  of  boiling.  As 
we  ascend  to  elevated  regions  in  the  air,  the  atmospher- 
ic pressure  becomes  less,  because  the  column  of  air  above 
is  shorter,  and  therefore  there  is  less  air  to  press.  Un- 
der such  circumstances,  the  boiling  point  of  water,  of 
course,  descends,  and  may  beconte  so  low  as  not  to  bring 

Describe  the  culinary  paradox.  Wliat  effect  has  the  nature  of 
the  vessel  on  the  boilins  point?  'Wlinl  effect  has  the  preseneo  of 
salt?    'WTij'  is  it  imposBlblo  to  cook  moat  on  higli  mQimtains? 
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about  the  specific  change  required  in  the  cooking  of 
meat.  An  ascent  of  596  feet  lowers  the  boiling  point 
one  degree.  Upon  this  principle  we  can  determine  the 
altitude  of  accessible  elevations,  by  determining  the 
thermometric  point  at  ivbich  water  boils  upon  tiicin. 
A  peculiar  thermometer,  the  hypsoraeter,  bas  been  in- 
vented for  this  pui-pose. 

When  a  drop  of  water  is  placed  ou  a  red-hot  polislied 
metallic  surface,  it  does  p,^  ^ 

not,  as  might  be  expect- 
ed, commence  to  boil  rap- 
idly, but  remains  perfect- 
ly quiescent,  gathering  it- 
self up  into  a  globule.  In 
Fig.  39,  B  represents  a 
heated  metallio  basin, 
turned  upside  down,  and 
slightly  indented  at  the 
bottom,  so  as  to  permit  a 
drop  of  a  mixture  of  ink  and  alcohol,  <l,  to  rest  there. 
If  the  metal  be  now  allowed  to  cool,  by  withdrawing 
the  spirit-lamp  as  soon  as  its  temperature  has  reached 
a  certain  point,  the  drop  is  suddenly  dissipated  in  a  burst 
of  vapor.  The  temperature  to  whiollfc:  is  necessary^  to 
heat  the  metal  varies  with  the  liquid  employed,  being 
lower  as  the  boiling  point  is  lower,  and  as  the  latent 
heat  is  less.  Water  requires  at  least  340°;  alcohol, 
21^°;  ether,  142°.  The  liquid  remains  from  6°  to  1° 
below  its  boiling  point.  The  explanation  of  this  phe- 
nomenon, which  is  called  the  spheroidal  state  of  a  liquid, 
is  that,  at  the  high  temperature,  the  drop  is  not  in  con- 
tact with  the  red-hot  surface,  but  a  cushion  of  steam  in- 
tervenes. By  bringing  the  eye  to  the  level  of  the  bot- 
tom of  the  drop,  a  bright  object  beyond  may  be  seen 
through  the  intei'val.  The  steam,  being  a  bad  conduct- 
or, prevents  ebullition  fi-om  occurring ;  but,  as  soon  as 
the  temperature  declines  and  this  steam  no  longer  props 
up  the  drop,  an  explosive  ebullition  ensues,  because  of 
the  contact  which  has  taken  place.     The  hand  can  be 

■What  number  of  feet  must  we  ascend  to  lower  the  boainE  point 
one  degree  ?  How  may  the  heights  of  mountains  be  determined  on 
this  principle?  Desoribe  what  is  mennt  by  the  spheroidal  slate  of 
liquids.     What  is  the  oxplanalion  of  lliis  condition  ? 
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passed  through  molten  cast-iron,  in  consequence  of  the 
want  of  actual  contact  between  the  i=lun  and  metal,  ow- 
ing to  the  vaporization  from  its  moi&t  suitate  If  liquid 
BuTphuroua  acid  be  brought  into  the  spheioidal  condi- 
tion in  a  red-hot  platinum  capsule,  and  witei  dropped 
upon  it,  ico  will  be  instantly  formed 


LECTURE  XII. 
Vaporization.  —  The  Soiling  Point  rises  with  the 
I^ressure. — Relation  beticeen  Insensible  and  Sensible 
Heat.' — TIxe  Oryophorus.~M-eesing  Water  inVaouo. 
— Freeing  iy  Evaporation.  —  Variability  of  Moist- 
ure in  the  Air. — Hygrometers :  Saitssure'e,  I>anielPs, 
the  Wet  Bulb. — Drying  of  Gases. 
TTbdee  an  increase  of  pressure  the  boiling  point  rises, 
and  the  elastic  force  of  the  steam  evolved  becomes 
greater.     As  we  have  seen,  the  elastic  force  of  steam 
from  water  boiling  at  212°  is  equal  to  the  pressure  of 
one  atmosphere.    If  the  preasnve  be  doubled,  the  boil- 
ing point  rises  to  2S0° ;  if  qnadrapled,  to  291°,  and  un- 
der a  pressure  <^fty  atmospheres,  it  is  510°. 
These  results  may  be  established  by  the  aid  of  the 
FigAi.  boiler,  a,  represented  in  Mg.  40.     It  is  a 

globular  vessel  of  brass,  about  three 
inches  in  diameter.  In  its  xipper  part 
are  three  perforations,  into  ono  of  which 
;  the  stopcock,  b,  is  secured;  through  the 
second  a  tube,  c,  is  inserted,  deep  enough 
to  reach  nearly  to  the  bottom  of  the  boil- 
er, and  through  the  third  a  thermometer, 
d,  is  introdnced.  Some  quicksilver  is 
poured  in,  sufficient  to  cover  the  end  of 
the  tube,  e,  half  an  inch  or  more  deep, 
and  upon  it  water  is  ponred,  the  bulb  of 
the  thermometer  being  immersed  in  it.  The  stopcock, 
6,  being  open,  a  spirit-lamp  is  applied  to  bring  the  wa^ 
ter  to  its  boiling  point,  and  as  the  steam  can  freely  pass 
How  may  ice  be  formed  in  a  red-hot  veasel?  What  effect  hasin- 
eresBed  pressure  on  the  boiling  point  of  writer?  Describe  Kji,  40, 
and  its  method  of  action. 
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out,  this,  of  course,  takes  place  at  212°.  On  closing  the 
stopcock  the  steam  can  no  longer  escape,  but,  exerting 
its  elastic  force  on  the  surface  of  the  boiling  liquid, 
presses  the  mercury  up  the  tube,  c.  The  altitude  of 
the  mercurial  column  measures  the  amount  of  this  press- 
ure, and  the  thermometer  indicates  the  corresponding 
change  in  the  boiling  point ;  as  soon  as  the  pressure  is 
equal  to  two  atmospheres  the  thermometer  will  be 
found  to  have  risen  to  250°. 

It  is  immaterial  at  what  temperature  vaporization  is 
carried  on,  a  very  large  amount  of  heat  must  always  be 
rendered  latent ;  and,  iu  point  of  fact,  vapors  generated 
at  a  low  temperature  contain  more  latent  heat  than 
those  generated  at  a  high  one.  The  relation  which  ex- 
ists in  the  amount  of  heat  rendeved  latent  at  different 
temperatures  is,  according  to  "Watt,  very  simple.  The 
sura  of  the  insensible  and  sensible  beat  is  always  the 
same ;  thus,  water  boiling  at  212°  absorbs  966°,  the  sum 
being  1178°;  but  vapor  from  water  at  32°  contains 
1146°,  the  sBm  again  being  11V8°.  Bat  Regnault  has 
shown  that,  although  in  practice  the  rule  works  well, 
yet  that  it  is  not  strictly  correct,  the  latent  heat  not  de- 
creasing as  fast  as  the  sensible  heat  increases.  At  8 
atmospheres  the  sum  of  the  two  is  1216°,  instead  of 
1178°,  the  boiling  point  being  340°, 

The  increase  of  elasticity  by  equal  additions  of  lieat 
is  greater  at  high  than  at  low  temperatures,  and  this 
renders  the  employment  of  high-pressure  engines  more 
economical.  But  it  is  only  when  in  contact  with  water 
that  this  increase  is  seen ;  dry  steam  follows  the  general 


form.  They  may  thus  be  regarded  as  containing  a  great 
Store  of  heat,  of  the  effect  of  which  many  natural  phe- 
nom.ena  furnish  us  with  examples.  Thus,  there  is  a  re- 
markable difference  between  the  climate  of  the  eastern 
coast  of  America  and  the  opposite  European  coasts  in 

t  under  a  prosBuiu  of  two  atmosphei-es  ? 

m  the  amounls  of  latent  heat  at  aifforent 
temperatni'GB  of  vaporization?  Woes  the  claBticity  of  ynpors  incraasu 
with  rcgularitr?  Wlien  vapors  liquefy,  what  becomes  of  their  latent 
heotf 
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the  same  latitude,  and  this  arises  from  the  action  of  the 
Gulf  Stream — a  great  stream-  of  warm  water,  which,  is- 
suing from  the  Gulf  of  Mexico,  and  passing  the  Atlan- 
tic States,  Btvetchea  across  toward  the  European  conti- 
nent. The  vapora  which  arise  from  it  give  forth  their 
latent  heat  to  the  air,  and  the  southwest  winds,  which 
are  therefore  damp  and  warm,  moderate  the  climates  of 
those  countries. 

The  cryophorus,  or  frost-bearer,  invented  hy  Wollas- 
ton,  in  which  water  may  be  frozen  by  the  cold  produced 
by  its  own  evaporation,  depends  for  its  action  on  the 
laws  relating  to  latent  heat.  It  is  represented  in  Fiff. 
41,  and  consists  of  a  bent  tube  half  an  inch  or  more  in 


Fig.  41. 


diameter,  with  •\.  bulb  it  each  extremity ;  the  left-hand 
bulb  IS  filled  one  hilt  with  water,  and  the  rest  of  the 
spice,  with  the  tube  and  the  other  bnib,  is  filled  with 
the  vapoi  of  water  only.  Know  the  right-hand  bulb  be 
immeisedm  a  freezing  mixture  of  nitric  acid  and  snow, 
although  the  tube  may  be  of  considerable  length,  the 
water  in  the  distant  bulb  presently  freezes ;  hence  the 
name  of  the  instrument,  frost-bearer,  because  cold  ap- 
plied at  one  point  produces  a  freezing  effect  at  another 
which  is  at  a  distance.  The  action  is  simple;  in  the 
cold  bulb,  which  is  in  contact  with  the  freeang  mix- 
ture, the  vapor  is  condensed,  fresh  quantities  I'ise  with 
rapidity  from  the  water  in  the  other  bulb,  to  be  in  their 
turn  condensed ;  a  continual  condensation  therefore 
goes  on  in  the  one,  and  a  continual  evaporation  in  the 
other,  but  the  vapor  thus  formed  mast  have  heat  of  elas- 
ticity ;  it  obtains  it  from  the  wateP  from  which  it  is  ris- 
ing, the  temperature  of  which,  therefore,  descends  until 
solidification  takes  place. 
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Leslie's  process  for  freezing  water  in  vacno  by  its 
own  evaporsition  is  an  example  of  the  same  kind.  If 
some  water  in  a  watch-glass  be  placed  in  an  exhansted 
receiver,  with  a  large  surface  of  sulphuvic  acid,  as  fast 
as  vapor  rises  it  is  coudensed  by  the  acid,  a  rapid  evap- 
oration of  the  water 
therefore  takes  place, 
the  temperature  falls, 
and  congelation  en- 
sues.    In  Mg.  42  this 


glass,  containing  wa 
ter ;  S,  a  wide  dish, 
filled  with  sulphniio 
acid,  and  P,  a  low  bell 
jar,  in  which  the  e^. 
haustion  is  made. 

A  drop  of  prussic  aeid  held  in  the  an  on  the  tip  of  a 
rod  solidifies,  the  portion  that  evaporates  obtaining  its 
latent  heat  from  the  portion  left  behind;  and  on  the 
same  principle  liquid  carbonic  acid  can  also  be  solidified. 
If  a  drop  of  water  be  placed  between  two  watch-glasses, 
and  a  little  ether  poured  into  the  upper  one,  on  putting 
it  under  an  exhausted  receiver  the  ether  will  boil,  and 
the  two  glasses  freeze  together. 

The  pulse-glaas  is  an  instrument  which  serves  to  il- 
lustrate the  fact  that  evaporation  is  a  cooling  process. 
It  consists  of  a  glass  tube  bent  twice  .^t  right  angles, 
and  terminated  by  bulbs,  as 
in  Fig.  43.  It  is  partially 
filled  with  alcohol,  the  rest  I, 
being  occupied  by  vapor  of 
that  substance.  On  grasp- 
ing one  of  the  bulbs  in  thehand,  tlie  warmth  is  sufficient 
to  boil  the  liquid,  and  as  it  distils  over  into  the  other 
bulb  an  impression  of  cold  is  felt. 

The  amount  of  watery  vapor  contained  in  the  air  is 
very  variable.  Many  common  facts  prove  this.  The 
aweiling  of  wooden  furniture  takes  place  in  consequence 

Describe  Leslie's  process  for  freezing  water.  Wliy  does  liquid 
prussic  acid  solidify  when  exposed  to  the  nil'  ?"  How  mny  ivaler  be 
frozen  hy  the  aid  of  ctlier  ?    liescribe  the  pulse-glass. 
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of  damp  weatlier,  and  the  opposite  effect,  or  its  shrink- 
i(iK,  ocoui'B  during  dry.     Several  instruments  have  been 
3  to  deteiinine  what  the  amount  is  at  any  time; 
e  called  hygi'O meters. 

ire's  hygrometer  consists  of  a  human  hair  8  or 
10  iuehes  long,  6  <i,Fig.  44,  fastened  at  one 
!nd  to  a  screw,  a,  and  at  the  other  passing 
)ver  a  pully,  c,  heing  strained  tight  by  a  silk 
thread  and  weight,  d.  From  the  pully  there 
goes  ao  index,  ■which  plays  over  the  graduated 
scale,  e  e',  so  that  as  the  pully  turns  through 
the  shortening  or  lengthening  of  the  hair  the 
index  moves.  The  instrument  is  gradaated 
to  correspond  with  others  by  first  placing  it 
under  a  bell-jar,  with  a  dish  of  sulphuric  acid, 
or  other  substance  having  an  affinity  for  wa- 
ter, which,  absorbing  all  the  moisture  of  the 
air  of  the  bell,  brings  it  to  absolute  dryness.  The 
point  at  which  the  index  then  stands  is  marked  0°.  The 
hygrometer  is  next  placed  in  ajar,  the  interior  of  which 
is  moistened  with  water  ;  when  the  index  has  again  be- 
come stationary  the  point  is  marked  100°,  and  the  in- 
tervening space  divided  into  100  equal  parts.  The  hair 
should  have  its  oily  matter  removed  by  soaking  in  sul- 
phuric ether.    This  renders  it  more  sensitive. 

There  is  a  simple  and  ingenious  instrument,  the  move- 
ments of  which  depend  on  these  principles :  it  is  repre- 
j^_45  sented  in  Fig.  45.    A  thin  slip  of 

pine  wood,  aa,  cut  across  the  gi'ain, 
.  a  foot  long  and  an  inch  wide,  has 
inserted  into  its  ooraera  four  nee- 
dles, all  pointing  in  one  direction  backward.  If  this  in- 
strument be  set  upon  a  floor  or  flat  table,  in  the  course 
of  time  it  will  crawl  a  considerable  distance.  During 
dry  weather  the  thin  board  contracts,  and  the  two  fore 
legs  taking  hold  of  the  table,  the  hind  ones  are  drawn 
up  a  little  space;  when  the  weather  turns  damp  the 
board  expands,  and  now  the  hind  legs,  pressing  against 
the  table,  cause  the  fore  ones  to  advance.  Every  change 
from  dry  to  damp,  or  the  reverse,  produces  a  walking 


Whnt  is  ft  hygrc 
is  SniifKure's  hjeri 


uater?    Describe  Saussure's  hygromeK 
neter  pmdnsted?    What  is  the 
45 ?    Desciiije its  rnethoiJ  of  ftci 
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motion  in  a  continuous  direction,  and  the  distance  pass- 
ed over  is  a  register  of  the  sum  total  of  all  these  changes. 

But,  of  all  hygrometiic  methods,  the  process  known 
as  "  the  determination  of  the  dew  point"  is  the  most 
philosophical.  This  method  coBsiets  in  cooling  the  air 
until  it  begins  to  deposit  moisture.  When  there  is 
much  moisture  in  the  air,  it  obviously  requires  but  a 
slight  diminution  of  the  temperature  to  cause  a  portion 
of  the  vapor  to  deposit  as  a  dew ;  but  when  the  air  is 
dryer,  the  cooling  must  be  carried  to  a  greater  estent. 
The  precise  thermometric  point  at  which  the  moisture 
begins  to  deposit  is  called  the  dew  point. 

Oauiell's  hygrometer  affords  a  ready  and  beautiful 


FI/J.41;. 


method  of  determining 
the  dew  point.  It  con- 
sists of  a  cryophonii 
aeb,  Mg. 46,  the  bulb  h 
being  made  of  black 
glass,  and  a  covered  ( 
over  with  muslin.  The 
bulbA  contains  ether  in 
stead  of  water,  and  into 
it  there  dips  a  very  del 
icate  thermometer,  d 
Usually  another  tbei- 
mometer  is  affixed  to 
the  stand  of  the  instiu 
ment.  When  a  littk 
ether  is  poured  on  a,  bj 
its  evaporation  it  cools 
that  bulb,  and  ether  dis- 
tils over  from  h,  which, 
of  course,  becomes  cold.  After  a  time  the  temperature 
of  h  sinks  to  the  dew  point,  and  that  bulb  becomes  cov- 
ered with  a  dew.  The  thermometer,  d,  then  shows  at 
what  temperature  this  takes  place,  and  of  course  gives 
the  dew  point.  Knowing  the  temperature  of  the  air, 
the  dew  point,  and  the  barometric  pressure,  the  abso- 
lute amount  of  vapor  can  be  detei-mined  by  calculation. 
The  amount  of  evaporation,  and  its  great  variation  at 
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of  the  veir  is  shown  by  the  followlr 


la.              ™  u^ 

"--"ssr— " 

Annua           4      88 
Sumra            6 
Wnte            3 

7,166  gnlla.  per  aero 
15,04S     " 
3,460      " 

The   vet  bulb  hygrometer  con- 
3  of  two  mevcurial  tliermom- 
e  s    b  S,  which  exactly  coitc- 
[  ond     The  bulb  of  one  of  them, 
b  Fig  47,  ia  covered  with  muslin, 
1  d  kept  constantly  wet  by  ivfiter 
E  I      ed  from  a  reservoir,  A  c, 
b)    cip  ilary  attraction  along  a 
t    ead  e.    The  other  bulb  is  cov- 
d  -w  th  dry  muslin.     Owing 
o  the  evaporation  from  the  wet 
bu  b    ts  temperature  will  be  !ow- 
e    than  the  dry  one,  and  this  in 
p  opo  t  on  to  the  rate  of  evapora- 
t  o     o    the  dryness  of  the  adja- 
cent M/is  the  Bupporting 
s      1     If  both  thermometers,  the 
B  et  an  1  the  dry,  coincide,  the  air 
o  ta    s  moisture  at  its  nlasimum 
ens  tj    and  the  greater  the  dif- 
e  ce  between  tliera,  the  dryer 
t  e            In  pvaetiee  it  is  found 
t  It  t      instrument  requires  a  va- 
ety  of  corrections  to  ascertiun 
tl  Q  lew  point,  the  difference  be- 
tween the  two  thermometers  be- 
n     n    tiplied  by  a  number  which 
es  with  the  actual  tempera- 

I  freqtiently  necessary  to  re- 
no  e  noisture  from  air  or  gases. 
Th  miy  be  done  by  conducting 
hen       n-ough  tubes   containing 

g    m  te  .     What  is  its  piinciple  of  nc- 
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bodies  lia\iDg  a  strong  attraction  for  witer  such  as 
chloiKleofealcmni  Milplimiefi  pho=iphoiii> acid  Such 
an  auanj^cment  ib  -ihown  ii  J"  ;  4'<  m  which   i  is  the 


bottle  m  which  the  gas  la  generated  B  a  bent  ttiLe 
filled  Tvith  diloiidc  ot  cakiiim  D  a  hulb  c  ntainmg 
mateiiai  on  which  the  diied  g.is  is  to  act,  aiul  C  C, 
caontchouc  connecting  pieces. 


LECTURE  Xril. 

ErArOEATlON  AND  INTERSTITIAL  RADIATION. — Dlimas'S 

Method  o/ ascertaining  the  ^ecifie  Gravity  ofYa- 
pors. — Rapidity  of  Mvaporation, —  Control  of  Tenk- 
peratu/re,  Jiryness,  Stillness,  Fresstere,  and  Surface. 
— Limit  of  Svapwation. — Coiidiiction  of  Solids. — 
Difference  among  Metals. — Effect  of  Wire-Gauze  on 
Flame. — M^lanation  on  the  Dynamical  Theory  of 
Seat. — Rvanfor^s  Mcperiments  on  Clothing. 
The  specific  gravity  of  vapors  may  be  determined  in 
several  ways.    The  method  of  Dumas  consists  In  weigh- 
ing a  glass  globe  filled  with  the  vapor  to  be  tried,    A 
portion  of  the  substance  is  to  be  introduced  into  the 
globe,  A,  Fig.  49,  the  weight  of  which  i&f/rat  determ- 
ined, and  this  is  then  held,  as  sbown  in  the  figure,  by 
a  handle,  C,  in  a  bath  of  fusible  metal,  placed  over  a 
small  fimiace,     Tbe  heat  of  the  melted  metal  vaporizes 
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the  substance,  drives  ont  tiie 
air,  and  occupies  the  whole 
cavity  in  a  state  of  ptirity, 
Wlien  no  more  vapor  escapes 
from  the  end  of  the  tube,  b,  it 
is  sealed  by  the  blowpipe,  and 
the  temperature  of  the  bath 
ascertained  by  the  thermome- 
ter, I.  The  globe  is  now  to  be 
carefully  weighed,  when  cold, 
a  second  time,  and  the  point 
of  the  tube  is  then  broken  un- 
der qaicksilver,  which  rises, 
and  hlls  it  completely ;  and 
this  being  subsequently  emp- 
tied into  a  graduated  jar,  the 
volume  of  the  globe  is  ascer- 
tained. Knowing  tbe  volume 
of  the  globe,  we  know  the 
weight  of  the  air  it  contains, 
and  this,  subtracted  from  the  first  weight,  ia  the  weight 
of  the  glass  when  empty.  Subtracting  this  again  from 
the  second  weighing  gives  us  the  weight  of  tbe  vapor ; 
and,  as  tbe  air  and  vapor  occupied  the  same  volume, 
their  densities  are  as  their  ■weights.  But  as  their  tem- 
perature was  different,  a  farther  calculation  is  required 
to  bring  them  to  the  same  standiid 

There  are  several  conditions  which  exert  a  control 
overthe  rapidity  of  evipoiition  The  amonnt  of  vapor 
which  can  exist  in  a  given  spice  depends  entirely  on 
the  temperature.  Thus,  tho  an  included  in  a  glass  jar 
which  is  standing  ovei  water  contains  at  32°  a  certain 
quantity  of  vapor,  but  if  the  tempeiature  rises  to  60°  it 
contains  more,  and  still  more  at  90°,  Should  the  tem- 
perature descend,  a  part  of  the  vapor  is  deposited  as  a 

It  is  the  application  of  this  principle  which  consti- 
tutes the  most  beautifal  part  of  "Watt's  great  invention, 
the  low-pressure  steam-engine.  Taking  advantage  of 
the  fact  that  the  quantity  of  vapor  which  can  exist  in  a 
Siven  space  is  determined  by  the  lowness  of  the  tem- 

What  conditions  determine  tlio  rate  of  evaporationf    What  im- 
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perature  of  any  portion  of  it,  he  arranged  a  vessel  main- 
taioed  uniformly  at  a  low  temperature,  in  connection 
with  the  cylinder  of  tlie  engine,  and  thus  condensed  the 
steam  -without  cooling  the  cylinder.  Previous  to  his 
time  a  jet  of  water  had  been  thrown  directly  into  the 
cylinder,  and  its  whole  mass  cooled — a  slow  operation, 
and  one  which  involved  raising  the  whole  mass  again  to 
the  heat  of  the  incoming  steam  before  the  piston  could 
be  ibi'ocd  up  ouce  more. 

Among  other  causes  exerting  3  control  over  evapo- 
ration into  the  air  is  the  dry  or  damp  state  of  that  me- 
dium. As  is  well  known,  evaporation  goes  on  with 
rapidity  when  the  weather  ia  dry,  and  is  greatly  retard- 
ed when  the  weather  is  damp.  So,  too,  a  movement  or 
■current  exerts  a  gi-eat  effect.  When  the  wind  is  blow- 
ing water  will  evaporate  much  more  quickly  than  when 
tlie  air  is  quite  calm.  This  obviously  depends  on  a  con- 
stant renewal  of  surface,  so  that  as  fast  as  one  portion 
of  air  becomes  moist  it  is  removed,  and  a  dryer  portion 
takes  its  place.  Extent  of  surface  operates  in  the  same 
way.  The  same  quantity  of  water  will  evaporate  much 
more  rapidly  if  exposed  in  a  plate  than  if  exposed  in  a 
cup.  Pressure  also  exerts  a  great  control ;  for,  as  we 
have  seen,  evaporation  takes  place  instantaneously  in  a 
vacuum.  But  while  there  are  several  circumstances 
which  control  the  rate  of  evaporation,  it  ia  temperature 
alone  which  regulates  the  absolute  and  final  amovnt. 

At  one  time  it  was  supposed  that  evaporation  was 
due  to  a  solvent  power  in  the  air,  a  kind  of  attraction 
between  that  medium  and  the  water  with  which  it  was 
in  contact;  bat  such  an  opinion  is  wholly  untenable,  for 
the  process  goes  on  with  the  greatest  rapidity  in  a  vao- 
Tium  when  the  air  is  totally  removed. 

Although  the  evaporation  of  liquids,  such  as  water, 
will  take  place  at  very  low  temperatures,  there  is  reason 
to  believe  that  the  process  has  a  limit ;  thus,  a  minute 
quantity  of  vapor  vi'"    '      "  ■  ■■    ■>         ^^  ^  x^m- 

perature  of  60°,  but  si  iseovered. 


to  ?    Ia  there  a  temperat 


ously  used? 
What  effect 
the  rate  of 


Hc^i^db,  Google 


Sulphuric  acid  does  not  evaporate  at  all  at  ordinal^ 
temperatures.  The  cohesion  of  the  liquid  overcomes 
tlio  evaporating  tendency. 

Interstitial  Radiation  oe  Conduction. 

It  is  commonly  said  that  heat  is  transmitted  through 
bodies  by  conduction,  a  term,  whioh  involves  the  idea 
that  the  particles  are  in  contact,  whereas  it  has  been 
proved  that  tbey  are  separated  by  interspaces.  The 
passage  of  heat  across  these  interstices  is  called  inter- 
stitial radiation.  From  the  convenience  of  the  expres- 
sion, the  term  conduction  will  be  frequently  used. 

Dl&erent  solids  conduct  heiit  with  different  degrees 
of  fecility.  If  ive  take  a  cylindrical  mass  of  metal,  and 
hold  tightly  against  its  surface  a  piece  of  white  writing 
paper,  the  paper  may  be  placed  in  the  flame  of  a  spirit- 
lamp  for  a  considerable  time  without  scorching ;  but  if 
we  take  a  cylindrical  piece  of  wood  of  the  same  dimen- 
sions, and,  wrapping  the  paper  I'ound  it,  expose  it  to 
the  flame,  it  rapidly  scorches.  The  metal,  therefore, 
keeps  the  paper  cool  by  carrying  off  the  heat,  but  the 
wood,  being  a  bad  conductor,  suffers  the  paper  to  burn- 

By  the  aid  of  the  apparatus  of  Ingenhausz,  Mg.  50, 

Fiff.Bo.         the  same  fact  can  be  proved  in  a  more 

f\  general  way.     It  consists  of  a  trough  of 

raimm^taHi™  brass,  6  inches  or  more  long,  3  wide,  and 

limn»i.ip|~|fnrinnfl  3  deep ;  from  the  front  of  it  project  cylin- 

I  I  I  I  I  I  I  ders  o^  metallic  and  other  substances,  of 
tlio  same  length  and  diameter.  They  may  be  of  silver, 
copper,  brass,  iron,  porcelain,  wood,  etc.,  in  succession. 
The  surface  of  each  cylinder  is  smeared  with  beeswax. 
On  pouring  boiling  water  into  the  trough,  the  heat 
passes  along  these  cylinders  with  a  rapidity  correspond- 
ing to  their  conducting  power,  and  the  wax  correspond- 
ingly melts.  On  the  silver  tiar  the  wax  melta  most 
rapidly,  and  on  the  wood  most  slowly ;  on  the  others 
intermediately:  thus  affording  a  clear  proof  that  differ- 
ent solids  conduct  heat  with  different  degrees  of  facility. 
The  actual  conducting  power  is  in  this  experiment  com- 

Wliy  is  the  term  condnction  erroneons?  Do  nil  soliiis  conduct 
nlike?  Descvibo  the  expsrimenc  with  a  cylinder  of  wood,  anci  one 
iif  metnl.    Describe  the  apparatus  of  Tngcnhansz.     What  docs  it 
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plicated  with  the  speeific  heat  of  the  substance,  that 
liaving  a  low  specitio  heat  seeming  to  conduct  more 
rapidly.  It  is  only  necessary,  in  order  to  correct  this 
source  of  error,  to  wait  a  certain  length  of  time,  and  ob- 
serve the  distance  to  which  the  melting  takes  pHoe 
The  appaittus  Fig  51  demonsti itc^>  tho  snme  Act. 


It  consists  of  two  similar  bars  of  metal,  B  C,  placed 
end  to  end ;  one  may  be  of  copper,  the  other  of  iron. 
To  their  under  sides  a  number  of  balls  of  wood  are  at- 
tached by  wax.  On  heating  thegunctioD  A,  the  power 
of  conduction  is  seen  to  ditfer,  trom  the  fact  that,  on 
the  copper,  the  balls  drop  off  to  a  greater  distance  from 
the  source  of  heat  than  on  the  iron. 

The  instrument  Fig.  52  can  be  made  to  exhibit  to  a 
number  of  persona  differences  in  ma.^'i. 

conducting  power.  From  a  cen- 
tral ring  of  brass  a  number  of 
anus  oi  various  substances,  ai^ 
copper,  brass,  iron, porcelain,  etc., 
project  radially.  On  the  tip  of 
each  arm  is  a  piece  of  phospho- 
rus. When  the  ring  is  held  by 
the  aid  of  the  handle  in  the  flame 
of  a  spirit-lamp,  so  that  the  flame  passes  through  the 
central  aperture,  it  will  be  found  that  the  pieces  of 
phosphorus  inflame  one  after  another,  and  not  simulta- 
neously. That  on  the  copper  takes  fire  firat,  the  brass 
next,  etc.,  the  order  being  the  same  as  that  shown  by 
Tiigenhausz's  apparatus. 


I^ifiscribe  Fkj 
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luhU  of  the  Oonduetinij  Power  of  Solids. 
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The  puiitv  of  the  metals  is  of  importance.  Gold, 
%vhcn  allojed  ■\\ith  1  pel  cent,  of  bUyci-,  loses  20  pec 
cent  of  its  conducting  pow  ei  Some  alloys  conduct  in 
the  ratio  of  the  mean  of  the  two  nietala;  some  no  bet- 
ter than  the  inferior  metal.  Carbon  diminishes  the 
conductivity  of  iron ;  malleable  iron,  steel,  and  cast  iron 
being  as  44  to  40  to  36. 
If  a  piece  of  wire  g-auze  be  held  over  tbe  flame  of  a 
i^S.wi.  candle  or  gas-jet,  J^iff.  53,  the  flame 

f  fiiils  to  pass  through ;  bnt  the  gaseoua 

matter  of  which  the  fiame  consist  i 

freely  escapes  through  j  n  &i 

the    meshes    of   the 

gauze,  and  may  be  set 

in  fire  aboye  it,  as  in 

%.  54.  Flame  is  ei- 
her  gaseous  matter 
or  Bolid  matter  in  a  state  of  minute 
subdivision,  temporarily  snspended  in 
gas  brought  to  a  very  high  temperar 
ture.  It  can  not,  therefore,  pass  through 
a  piece  of  wire  gauze,  because  the  me- 
tallic threads,  exerting  a  high  conducting  ponei,  ib 
stract  its  heat  from  the  incandescent  gas,  and  bung  its 
temperature  down  to  a  point  at  which  it  ceases  to  be 
luminous.  The  safety-lamp  of  Davy  is  an  application 
of  this  principle;  by  it  combustion  is  prevented  from 

Give  the  ordei-  of  contlucting  jx>wer  among  jnolnls.  What  effect 
has  the  purity  of  a  metnl  on  its  condaKiine  pon-ec?  Wliat  effect  is 
seen  on  holding  wire  gauze  over  the  flame  of  a  lamp  ?  How  may 
we  show  thnt  ^e  combns£ibIe  matter  passes  through  ? 


Hc^i^db,  Google 


CONDUCTION   or   S0LID8.  7l 

spreading  thi'ough  masses  of  explosive  gas  by  ^a-  ^■ 
■calling  into  aotion  the  conducting  power  of 
metalSo  gauze  with  which  the  lamp-flame  i 
siiiTouoded,  as  in  Mg.  55.  Hemmings's  safe- 
ty-tube, used  to  prevent  explosions  in  the  oxy- 
liydrogen  blowpipe,  acts  on  the  same  princi- 
ple. The  action  of  gauae  ia  explained  on  the 
dynamical  theory  of  heat,  as  follows:  in  a 
flame,  the  molecular  movement  is  very  in- 
tense, but  the  weigiit  of  the  moving  particles 
is  but  small.  If  their  motion  be  communica- 
ted to  a  heavy  body,  the  intensity  of  the  mo- 
tion must  fall,  just  as  a  light  bullet  shot  from 
a  rifle  could  communicate  to  a  lOO-pound 
cannon-ball  but  alow  velocity  of  motion.  In 
placing  a  gauze  over  a  flame,  the  intensity  of  motion  is 
so  much  reduced  that  it  is  unable  to  propagate  the 
combustion  to  the  opposite  side  of  the  gauze. 

Count  Rumford  made  several  experiments  to  determ- 
ine the  conducting  povi'er  of  the  materials  that  are  used 
for  clotliing.  He  placed  the  bulb  of  a  thermometer  in 
the  centre  of  a  glass  globe  of  large  diameter,  and  filled 
the  interspace  with  the  substance  to  be  tried.  Having 
immersed  tlie  apparatus  in  boiling  water  until  it  was  at 
212°,  be  transferred  it  to  a  freezing  mixture,  and  ascer- 
tained how  many  seconds  it  took  to  cool  135°.  Lin- 
en and  cotton  were  fonnd  to  be  better  conductors  than 
wool  and  the  various  furs,  and  hence  the  reason  that 
they  are  preferred  as  articles  of  summer  clothing.  The 
greatest  impediment  to  the  transmission  of  heat  was 
offered  bjj  hare's  fur  and  eider  down.  The  state  of 
compression  also  influences  the  result,  raw  silk  taking 
1264  seconds  to  cool  the  specified  amount,  while  twist- 
ed silk  only  took  917.  Such  bodies  act  not  so  much  by 
their  own  bad  conducting  power  as  by  calhng  hito  ac- 
tion the  non-conducting  quahty  of  aii-. 

Only  those  crystalline  bodies  which  belong  to  the 
regular  system  conduct  equally  in  all  directions.     If 

How  is  Davy's  lump  constructed?  How  is  tlin  notion  of  ganzo 
explained  on  the  dynamical  theory  of  heatP  Whiit  ivne  llie  object 
of  Eiim ford's  experiments?  How  were  tliey  conducted?  What 
are  tlio  worst  conductors  of  Iieat  nmons  solid  bodies?  What  is  the 
reaaon  of  their  resistance  to  conduction  ? 
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two  plates  be  cut  from  a  rhombohedral 
crystal,  as  a  prism  of  qaartz,  one  par- 
allel to  the  a^is,  the  other  at  right  an- 
glea  to  It,  and  these  he  warmed  fiom  a 
poiQt  at  the  centre  by  the  aid  of  a  sil- 
\cr  wire,  if  the- plates  have  been  coat- 
ed piovionsly  with  wax,  it  will  bo  seen 
thu  the  fiist  piate,  2,  Fig.  56,  shows 
an  clhptieal  spot  of  melting,  while  the 
othei,  1,  shows  a  circle,  and  demon- 
strates an  eqnal  rapidity  of  conduction 
in  all  directions.  When  a  substance. 
18  altered  by  tmequal  tension,  as  in  tho 
ca^e  of  a  plate  of  unanuealcd  glas^, 
heat  IS  conducted  most  slowly  in  the 
hue  ot  gieatest  density  or  pressure. 
"Wood  aho  shows  similar  differences 
of  conduction  in  different  directions. 


LECTURE  XrV. 

CoNDuonoN. —  Conduction  of  lAquids. — Convection, 
or  Heating  hy  Circulation. — Conduction  of  Gases. 
— The  I'rader  Winds. — Land  and  Sea  Breexeb. — Ap- 
plications of  the  Mon-condvating  Power  of  Air. 
The  conducting  power  of  most  liquids,  such  as  water, 
is  very  low ;  a  thin  stratum  is  sufficient  almost  entirely 
to  cut  off  the  passage  of  heat.     This  may  be  shown  by 
the  apparatus  Fig.  57,  consisting  of  a  funnel  partly  fill- 
ed with  water,  with  an  air-thermometer  included  in 
such  a  manner  that  the  bulb  is  within  a  short  distance 
of  the  surface,  a  depth  of  a  quarter  of  an  inch  or  lees  in- 
tei'vening.    The  tube  of  the  thermometer  may  be  pass- 
ed through  the  lower  mouth  of  the  funnel,  water-tight 
by  means  of  a  cork,  and  the  position  at  which  the  index- 
liquid  stands  having  been  marked,  some  ether  is  poured 
on  the  surface  of  the  water,  upon  which  it  readily  floats, 
and  set  on  fire,     A  voluminous  flame  is  the  result,  and 

Do  solids  condnct  equally  in  itll  directions?  Describe  Fjg.  EG. 
What  effect  has  pressure  on  conduction?  How  does  the  cmiducdnB 
power  of  liquids  compile  nith  that  of  solids  ?    Desciibe  Fig.  57, 
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a  great  doal  of  heat  is  evolved ,  ind  since  the  bulb  of 
the  thermometGr  is  apparently  sep  j^  .    ^ 

ai-ated  from  the  flame  by  a  thio  film 
of  water  only,  if  the  heat  travel  '-ed 
that  fiim  the  thermometer  should 
rapidly  move,  but  it  does  not ,  n  c 
therefore  conclude  that  watet  is  a 
very  bad  conductor  of  heat. 

But  the  experiment  is  verj  ds, 
oeptive ;  for  as  the  flame  is  hollow , 
and  only  incandeaoeut  on  its  sur- 
face, it  is  really  a  great  distance 
from  the  thermometer  bulb,  and, 
in  addition,  the  evaporation  of  the 
ether  is  a  cooling  operation.  Tlic 
■aonolusion  is  nevertheless  true. 

To  a  certain  extent  all  liquids 
conduct.  Mercury  is  a  good  conductor ;  but,  in  those 
of  which  water  is  the  type,  the  dissemination  is  chiefly 
effected  by  a  process  called  convection  or  circulation, 
■which  depends  on  the  free  mobility  of  their  pai-ticles. 

The  apparatus  Mg.  58  illustrates  this  process.  It  con= 
aists  of  a  wide  tube,  into  which  the  watei  m,  5., 
jnay  be  poured ;  the  lower  portion  aa  high 
a,s  a  being  colored  blue  by  the  addition  of 
some  coloring  substance,  the  intermediite 
jDortion  from  a  to  6  being  colorless,  and 
the  upper  portion,  from  5  to  c,  being  tinged 
yellow.  By  the  application  of  a  red  hot 
ring,  c?,  of  such  a  diameter  that  it  can  sui 
round  the  jar,  a  space  of  an  inch  or  moie 
intervening  all  round,  the  upper  yellow 
portion  may  be  made  even  to  boil,  without 
nhowing  any  disposition  to  intermix  with  , 
the  portions  beneath ;  b«t  if  the  red-hot 
ling  is  lowered  so  as  to  surround  the  blue  portion,  as  it 
becomes  warm  it  will  be  foand  to  ascend  hrst  through 
the  colorless  stratum,  and  finally  that  tinged  yellow  on 
the  top.  When  the  lower  portion  of  the  liquid  is  warm- 
<!d,  currents  are  established,  which,  rising  through  the 
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stiita  iljo\c  1    ing  ibout  a  rapii3  diasemmation  of  t!ie 
heat 

lliia  may  also  be  shown  by  taking  a  flask,  I^i</.  59, 
"ind  filling  it  with  -water,  in  which 
some  light  substance,  such  as  bran, 
"  IS  suspended.  On  applying  alamp 
to  the  bottom  of  the  jar,  currents 
are  established  in  the  water,  rising 
up  the  centre  and  descending  dowu 
the  sides  of  the  liquid  j  and  in  this 
manner,  new  portiona  constantly 
presenting  themselves  oti  the  sar- 
Jace  exposed  to  the  flame,  the 
whole   mass   becomes    uniformly 

hot. 

The  cause  of  Ibis  movement  is 
1  c  !■>  tl  L.  f  let  that  when  water  is  heated  it  expands. 
Those  ]  oitious  theiefore,  which  rest  on  the  bottom  of 
the  vessel,  and  to  which  the  heat  is  applied,  as  soon  as 
they  become  warm  dilate,  and,  being  lighter  than  before, 
rise  to  the  top  of  the  liquid,  while  coldei-,  and  therefore 
heavier  ones,  occupy  their  place. 

In  the  vegetable  world,  advantage  is  taken  of  the  non- 
conducting power  of  water  in  a  very  beautiful  way. 
Soon  after  sunset,  the  leaves  aud  delicate  paits  of  plants 
become  covered  with  little  drops  of  dew,  which  invest 
them  on  all  sides  Under  these  circumstances,  the  pro- 
cess of  convection,  or  the  establishment  of  currents,  is 
entirely  cut  off',  for  each  of  the  drops  is  isolated  aud  has 
no  communicatioiv  with  those  around.  The  cold  air 
does  not  suddenly  affect  the  delicate  organs,  as  it  would 
do  were  not  this  n on-con d acting  film  spread  over  them ; 
their  action  is  therefore  less  liable  to  be  dei'anged. 

All  liquids  possess  true,  though  in  most  cases  extreme- 
ly feeble  powers  of  conducdou,  as  compared  with  sol- 
ids.    They  also  vary  among  themselves. 

If  the  conducting  power  of  liquids  is  small,  that  of 
gaseons  bodies  is  so  much  less,  that  it  is  doubtful  wheth- 
er they  can  be  proved  to  conduct  at  aU.     In  these  the 

How  may  the  cnirents  in  liquids  be  sboivn?  'What  is  ths  cause 
of  tlie  nioveraeiit?  Describe  tha  formstion  of  deir  ou  plants  at 
nightfall.     Of  whnt  use  is  the  covering  of  wntei'  f     Do  easea  eon- 
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mobility  of  particles  is  so  great  that  heat  is  readily  dif- 
I'lised  through  them.  On  burning  salphur  in  oxygen 
gas,  the  establishment  of  currents  is  well  shown.  The 
ventilation  of  buildings  and  mines,  and  the  proper  eon- 
stiTiction  of  furnaces  and  chimneySj  depend  on  gaseous 
convection.  The  trade-winds  ai'e  an  illustration,  on  a 
grand  Bcale,  of  the  movements  of  a  gas  caused  by  heat. 
I'iie  temperature  of  the  earth's  surface  is  greatest  in  the 
tropics,  and  the  air  there  expands,  rises,  and  is  replaced 
by  cooler  aiv  flowing  in  from  the  polai-  regions.  The 
heated  air,  after  ascending  a  cert^u  distance,  flowe  over 
and  tends  to  go  toward  the  poles,  to  take  the  place  of 
the  air  that  has  gone  to  the  tropics.  If  the  earth  were 
at  rest,  there  would  be  a  steady  breeze  toward  the  poles 
in  the  upper  parts  of  the  atmosphere,  and  one  in  the  op- 
posite direction  helow ;  hat,  as  the  globe  is  revolving 
from  west  to  east  at  the  rate  of  1000  miles  an  hour  at 
the  equator,  and  with  less  rapidity  as  the  poles  are  ap- 
proaehed,  where  the  motion  vanishes,  the  direction  of 
the  flowing  streams  of  air  is  changed.  The  equatorial 
air,  which  has  been  moving  at  the  same  rate  as  the  earth 
below,  when  it  travels  toward  the  poles,  moves  faster 
than  the  gronnd,  and  the  wind  has  a  westerly  direction, 
On  the  contrary,  the  polai-  air,  going  toward  the  equa- 
tor, drags  against  the  surface  of  the  earth  until  it  has 
acquired  the  same  velocity,  and  has  apparently  an  east- 
erly direction,  which  is  less  aniUpss  marked  as  the  equa- 
tor is  approached. 


principles.  During  the  day  the  surface  of  aii  island  will 
warm  faster  than  the  sea  around,  the  air  over  it  will  di- 
late, and  an  inward  current,  the  sea  freeze,  will  be  es- 
tablished. At  night  it  cools  more  quickly,  and  the  air 
over  becoming  denser,  flows  out  toward  the  sea,  causing 
the  land  breeze. 

By  taking  advantage  of  the  non-conducting  power 
of  air,  rooms  may  be  kept  warm  with  a  small  consump- 
tion of  fuel  by  furnishing  them  with  double  windows. 
A  stratum  of  air  an  inch  thick  cuts  off  the  loss  of  heat 

Why  does  heat  diffuse  easily  through  them  ?  Describe  the  trnde- 
winda.  What  is  the  apparent  direction  of  the  trade-windef  Ex- 
plain the  cause  of  land  and  eca  breezes.  Upon  what  principle  do 
double  windows  act  ? 
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thi-ougli  the  windowB  to  a  great  extent.  The  same  fact 
accounts  for  the  difference  of  conduction  io  Rumford'H 
experiment,  when  the  materials  were  closely  and  loose- 
ly packed.  In  the  latter  case,  the  slow  condootion  ia 
due  to  the  entrapped  air,  in  which  convection  is  almost 
eutirely  prevented  by  the  fibres  of  the  materials.  The 
same  explanation  affords  the  reason  for  the  \varmth  of 
the  down  and  fur  of  animals. 


LECTURE  XV. 
Radiation. — Prelmiinary  Ideas  on  Hadiant  IFeat. — 
Analogies  loith  Zdght. — Effect  of  Surface  on  Madia- 
tion. — Mdations  of  Madiation,  Heflection,  and  Ab- 
sorption.— The  Florentine  Mi^periment. — The  Cold- 
Say  Mcperiment. —  Opacity  of  Glass  to  Seat  of  Lots 
R^rangihUity. — I>iatkermacy  of  Different  Solids, 
JJiquids,  Gases,  and  Vapore.—^Actton  of  I'erfmnes. 
— Meat  is  an  Ethereal  Vibration. — Melloni's  Appa- 
ratus. 

Though  gases  are  bad  conductors  of  heat,  they  freely 
allow  its  transmission  by  radiation,  the  solar  rays,  in 
traversing  6000  feet  of  air,  only  losing  one  fifth  of  their 
heat.  A  person  who  stands  at  one  side  of  a  fire  re- 
ceives the  heat  of  it,  aMough  no  currents  of  warm  air 
can  reach  him.  In  a  vacuum  a  piece  of  red-hot  metal 
rapidly  cools. 

The  heat  which  under  these  circumstances  escapes 
from  bodies  is  entirely  invisible  to  the  eye :  it  moves  in, 
straight  lines,  eshibitiug  many  of  the  phenomena  of  the 
rays  of  light.  Thus,  if  we  interpose  between  a  fire  and 
thermometer  an  opaque  screen,  the  moment  the  rays  of 
light  are  stopped  the  heat  ia  simultaneously  intercepted. 
The  rays  of  heat,  like  the  rays  of  light,  are  capable 
of  being  reflected  hy  polished  metallic  surfaces.  If  a 
piece  of  planished  tin  be  held  before  a  fire  in  such  a  po- 
sition as  to  reflect  the  light  of  it  upon  the  face,  the  heat 
also  is  similarly  reflected,  and  gives  rise  to  a  sensation 
of  warmth. 
Do  gnaes  ti 
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The  analogy  between  light  and  heat  ia  still  farther 
observed  when  the  rays  of  the  latter  fall  upon  bodies 
of  a  different  physical  constitution  from  the  nietals.  Aa 
glass  is  transparent  to  light,  there  are  many  bodies 
transparent  to  the  rays  of  heat,  though,  as  we  shall  find, 
these  are  not  the  same  iu  both  instances;  and  as  there 
are  substances,  like  lampblaet,  which  will  absorb  all  the 
light  which  impinges  oti  them,  there  are  many  which 
perfectly  absorb  heat.  Reflection,  transmission,  and  ab- 
sorption are  therefore  common  to  both  these  agents. 

If  we  take  two  metallic  vessels  of  the  same  size  and 
shape,  and,  having  blackened  one  of  them  all  over  with 
the  smoka  of  a  candle,  fill  them  both  with  hot  water 
and  riotiee  their  rate  of  cooling,  it  will  be  seen  that  the 
blackened  one  cools  faster :  the  same  thin^  may  be  ob- 
served if,  instead  of  blackening  the  vessel,  it  is  covered 
with  layers  of  varnish.  These  results  may  be  proved 
by  the  aid  of  Leslie's  Canister,  which  consists  of  a  cu- 
bical braes  vessel,  a,  Fig.  o». 
Mg.  60,  set  upon  a  ver- 
tical stem,  upon  which 
it  can  rotate.  At  a  lit 
tie  distance  is  placed  the 
blackened  buJo  of  a  dif- 
ferential thermometer, 
d;  a  mirror,  M,  receives 
the  rays  of  the  canister 
and  reflects  them  on  the  thei- mo  meter.  One  of  the  ver- 
tical sides  of  the  cube  is  left  with  a  clear  metallic  sur- 
face, a  second  washed  over  with  one  coat  of  vai'nisb,  a 
third  with  two,  and  the  fourth  with  three  coats.  If 
these  sides  be  presented  in  succession  to  the  thermom- 
eter, they  win  be  found  to  radiate  heat  with  very  differ- 
ent degrees  of  speed,  more  heat  escaping  from  them  as 
the  number  of  coats  is  increased.  Melloni  found  that 
the  maximum  was  not  attained  until  sixteen  coats  were 
applied. 

These  results  can  only  be  e:fplained  on  the  principle 
that  radiation  does  not  take  place  from  ihe  sni-face  of 

What  fiivtlier  analogies  nve  thei-o  betivoen  light  and  heat?  In 
ivliat  manner  can  the  radiating  power  of  a  surface  bo  increased? 
BoBcribo  tlie  experiment,  Fig.  GO.  Does  ladiation  take  place  ftom 
the  snvfiico  nloiio  ? 
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bodies  merely,  but  from  a  certain  depth  in  their  in- 
terior. 

A  liigbly  poKahed  metal  is  a  bad  radiator,  but  on 
roughening  it  this  quality  is  improved.  As  a  general 
rule,  good  radiators  are  bad  reflectors,  and  good  reflect- 
ors are  bad  radiators.  This  latter  statement  is  exempli- 
fied in  the  case  of  a  silver  teapot,  which  retains  its  heat 
much  longer  than  an  unpolished  vessel. 

It  is  import^t  to  bear  in  mind  that  the  absorbing 
and  radiating  powers  of  a  substance  are  Mrectly  pro- 
portioned to  one  another. 

When  rays  of  light  diverging  from  the  focus  of  a  con- 
cave parabolic  mirror  impinge  on  the  surface,  they  are 
reflected  in  parallel  lines ;  when  parallel  rays  fall  on  such 
a  surface,  they  are  reflected  to  its  focus.  Thus,  if  from 
the  point  a.  Fig.  61,  the  focus  of  a  parabolic  concave, 
cf,  rays  diverge,  they  will  be  reflected  in  parallel  lines, 
og,dh,ei,fk;  and  if  at  these  points  they  be  inter- 
cepted by  the  mirror,  g  7c,  they  -will  be  reflected  to  its 
focus,  b. 

Now,  as  the  laws  of  the  reflection  of  radiant  heat  are 
the  same  as  the  laws  of  the  reflection  of  light,  it  is  plain, 
that  if  we  place  any  incandescent  body,  such  as  a  red- 
hot  cannon-ball,  in  the  focus  «,  heat  which  radiates  from 
it  wiU  be  found  at  the  other  focus,  b. 

This  is  beautifully. illustrated  by  an  experiment  known 
under  the  name  of 'the  expei-iment  with  the  conjugate 
mirrors.  In  the  foens  a.  Pig.  61,  of  a  parabolic  mirror, 
ej',  place  a  red-hot  cannon-ball,  and  in  the  focus  &  of  a 
second  mirror,  g  k,  set  opposite,  bnt  twenty  or  thirty  feet 
off",  place  a  piece  of  phosphorus,  a  screen  intei-vening  be- 
tween. As  soon  as  the  arrangements  are  completed, 
remove  the  screen,  and  in  a  moment  the  phosphorus 
takes  fire.  That  this  effect  is  due  to  the  reflecting  ac- 
tion of  the  mirrors,  as  has  been  described,  may  be  proved 
by  removing  the  min-or  cf,  when  it  will  be  found  that 
the  phosphorus  can  not  be  lighted,  even  though  the  ball 
be  brought  within  a  ve^  short  distance  of  it.     If  the 

■What  effect  on  the  radlalmg  power  is  oliserved  on  rougliening  n 
])olislied  surface  ?  What  relation,  is  there  hetween  absorbing  and  ra- 
diating power?  What  is  tlio  nedon  of  a  parabolic  miri'or  on  paral- 
lel rays?  "What  is  its  action  onrajB  diverging  from  its  focus  ?  Tie- 
Bcribo  tho  experiment,  Fig.  61. 
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mirrors  are  well  adjusted,  the  cannon-ball  may  be 
placed  by  an  ordinary  gas  flame. 

Fig.  ei. 


This  striking  experiment  proves,  first,  that  the  rays 
of  heat  move  in  straight  Jines,  like  those  of  light ;  and, 
second,  that  in  the  same  manner  they  are  subject  to  the 
ordinary  laws  of  reflection,  for  the  apparatus  is  adjusted 
by  the  flame  of  a  candle. 

A  vination  of  the  expeiiment  maybe  made  by  using 
1  suowbili  G,I\/  62  msteadoi  the  heated  body,  in  the 
focus  of  If,  in  which  ca«e  ■»  t!iermometei,  £,  in  the  fo 


cus  ot  the  opposite  mirror,  M,  will  exhiLii  u.  rmluuUuii 
of  temperature,  even  though  shaded  by  a  screen.  A, 
from  direct  radiation.  From  this  it  was  at  one  time 
supposed  that  there  exist  rays  of  cold  precisely  anal- 
ogous to  rays  of  heat,  and  that  they  observe  the  same 
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laws ;  but,  as  we  shall  see  in  speaking  of  the  Theory  of 
the  Exchanges  of  Heat,  a  simple  explanation  can  he 
given  without  implying  tho  existence  of  a  principle  of 
cold. 

Let  it  be  supposed  that  in  the  focus  of  the  mirror  g  7c, 
Fig.  61,  the  bulb  of  a  delicate  thermometer  is  placed, 
and  in  the  focus  of  the  other  mirror,  cf,  a  metalline  mass, 
a,  the  temperature  of  which  can  be  varied  at  pleasure. 
Between  the  mirrors  let  there  be  interposed  a  screen  of 
transparent  piate  glass,  and  let  ua  farther  suppose  that 
the  temperature  ol  a  is  212°,  or  considerably  below  the 
point  at  which  it  is  visibly  red-hot.  Under  these  cir- 
cumstances the  thermometer  exhibits  no  rise  of  temper- 
ature so  long  as  the  glass  intervenes,  but  the  moment  ii. 
is  removed  tiie  heat  passes, 

A  piece  of  transparent  glaes  is  therefore  opaque  to  the 
rays  of  heat  which  como  from  a  non-luminous  source. 

Let  us  now  suppose  that  the  temperature  of  the  met- 
alline mass  a  continually  rises.  When  it  has  reached  a 
red-heat,  a  cert^n  proportion  of  the  rays  emitted  by  it 
begins  to  pass  through  the  glass,  as  is  shown  by  the 
effect  upon  the  thermometer.  When  the  mass  is  visi- 
bly red-hot  in  the  daylight,  the  raya  go  through  the 
glass  more  readily ;  and  when  it  has  become  white-hot, 
or  has  reached  the  highest  temperature  we  can  give  it, 
the  glass  transmits  the  raya  with  facility. 

These  facts  are  of  the  utmost  importance.  They 
show  that  bodies  transparent  to  light  are  not  necessari- 
ly transparent  to  heat,  and,  therefore,  that  there  is  si 
distinction  betweeo  tho  two  agents.  They  farther 
show  that,  as  respects  glass,  its  traosparency  for  heat 
differ^  with  the  temperature  of  the  source  from  which 
the  rays  come. 

There  is  only  one  known  solid  that  approaches  per- 
fect transparency  for  heat,  rock  salt.  If,  in  the  preced- 
ing experiment,  a  plate  of  it  were  substituted  for  the 
glass,  no  matter  what  the  temperature  of  the  mass  a, 
tlie  rays  would  pass  through  it  with  equal  facility.  It 
is  the  glass  for  heat,  and  stands  at  the  head  oidiather- 

Whiit  cifeet  lias  glass  ou  heat  of  low  inlensity  ?  What  clinaj^ 
oecnv  ill  the  tfansraiesive  power  of  Rlass  aa  tlia  temperatnre  rises? 
What  facts  are  shown  I)y  theso  exijeiimenls  ?  Whnt  Eubstance  is 
traaspureiit  to  beat  P 
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«»ijc  bodies,  as  those  transparent  to  lieat  are  called.  An 
athennic  substance  is  one  -which  does  not  permit  heat 
to  pass. 

Diathermacy  of  different  Solids. 
Rock  Salt 02.3percent.  I  Limpid  Quartz,..  S8 percent. 


Sulphur 74  "  Smoky  Quartz,.. 

Iceland  Spar....  39          "           Alum.., 
I'lttte  Glass 39         "       |  Ice 


The  plates  of  the  substances  used  in  determining  the 
above  percentages  were  one  tenth  of  an  inch  thick,  and 
tJie  source  of  heat  was  a  naked  flame.  When  copper  at 
212"  Tvas  used,  only  the  roisk-salt,  sulphur,  and  quartz 
permitted  any  rays  to  pass,  the  rest  being  perfectly 
a.'therraic. 


Diathennnnj 

ofLiqmih 

Chloride  of  Sulphui                                     C3 

Spint  of  Turpentine                                     i\ 

Olive  Oil                                                       30 

Ether                                                             31 

Sulphunc  Acid                                        17 

Alcohol                                                          ] 

DiBUlLd  Water                                             11 

Ahorplive  Fam  of  Gases 

Air                                          1 

Carbonic  A^id 

Oxygen                                   1 

Ninons  Dude 

HiWogen                                  1 

Hydrogen                                1 

feulphnrons  Acid 

Chlorine                                39 

Olefiant  Gas 

Carbonic  Oxide                    JO 

Aiiamonm 

The  last  table  exhibits  the  relative  absorbing  powers 
for  heat  at  212°.  The  absorbing  power  of  many  vapors 
is  quite  as  remarkable,  as  is  also  that  of  the  perfume  of 
flowers  for  rays  of  obscure  heat.  Aqueous  vapor  has 
also  a  powerful  absorbent  action  on  heat  of  low  refran- 
gibility.  'Among  gaseous  bodies,  the  same  rule  holds 
good  as  for  solids — the  best  absorbents  are  the  best  ra- 
'Jiatorg. 

We  see,  therefore,  that  there  are  different  varieties 
of  radiant  heat.     The  difference  is  duo  to  the  same 

What  ia  meant  by  diathermic  and  athermic  bodies?    What  is  the 
absorptive  power  of  ammonia  compared  with  air?    What  is  the 
cause  of  the  varictiea  of  radiant  hoat  ? 
D2 
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cause  which  gives  different  colors  to  light,  namely,  that 
heat,  being  an  undulatory  motion,  has  waves  of  vai-ioiis'. 
lengths,  and  varying  velocity  of  vibration.  la  the  pris- 
matic spectrum  the  maxiinnm  of  heat  is  found  below 
the  red  end,  and  it  steadily  declines  on  passing  toward 
the  violet.  But  in  the  interference  spectrum,  produced 
by  a  ruled  grating,  as  discovered  by  Prof.  J.  W .  Draper, 
the  maxima  of  heat  and  light  coincide,  and  are  found  in 
the  centre  of  the  yellow.  Tho  pi-ismatic  spectrum  in- 
duces the  supposition  that  heat  is  produced  by  slower 
and  louger  vibrations  than  those  of  light,  but  the  intee- 
ferencQ  spectrum  corrects  this  hypothesis,  and  shows 
that  they  coexist  in  the  same  place  at  the  same  timB, 
and  are  probably  one  and  the  same  force.  Obscure  hea.t 
is  invisible  light,  and  light,  when  extinguished,  pro- 
duces heat. 

The  apparatus  by  the  aid  of  which  Melloni  prosecu- 
ted bis  extensive  researches  on  heat  is  shown  inMt/.Qd. 


At  M  is  a  stand  for  the  source  of  heat,  iiith  a  concave 
miiTOr  for  concentrating  the  rays ;  at  N,  i  perioratea 
screen  ;  at  P,  a  plate  of  the  substance  to  be  e^ammed , 
at  T,  a  thermo-electric  pile;  at  G,  a  gihinumetei  '^ 
is  an  unpe^^forated  screen  that  can  be  turned  down  out 
of  the  way. 

■What  is  the  distribntion  of  heat  in  the  piismaiio  spectrum  ? 
What  is  tho  distribotion  in  the  interference  spectrum  ?  What  13  the 
mlation  bot^reen  Ijgbt  and  licat? 
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LECTURE  XVI. 
Theory  oe  the  Exchanhes  of  ilEA.T.—Jielations  of 
Idght  and  Heat. — Theory  of  Mochanges. — ^^jiana- 
tion  of  the  Cdd  Say  Sa^periment.  —  Wdls'a  Theory 
of  the  Dew.  —  Cold  07i  Movm-tain  2bps. — Tempera- 
.  ture  of  the  Sun. — Polarised  Seat. — Heat  of  Chemi- 
cal Combitiation. 

The  facts  which  militate  against  the  doctrine  of  the 
unity  of  light  and  heat  are,  Ist,  that  the  relations  of 
Iranapaiency  for  the  two  are  not  the  same,  smoky 
■quartz  or  dark-colored  mica  allowing  heat,  but  not  light, 
to  pass ;  and,  2d,  that  the  radiations  from  such  a  source 
aa  a  vessel  of  hot  water  are  not  visible  to  the  eye,  and 
can  not  be  made  to  assume  the  luminons  condition. 
But  it  has  been  shown  by  Tyndall  that  if  tbe  heat  com- 
ii^g  from  an  electric  lamp,  which  has  passed  throagh  an 
opaque  solution  of  iodine  in  bisulphide  of  carbon,  be 
eo-ncentrated  upon  a  thin  strip  of  platinum,  it  will  cause 
tl-ie  strip  to  glow,  though  the  eye,  when  screened  by  tbe 
solution,  may  be  directed  to  the  sun  without  perceiving 
the  faintest  trace  of  light.  In  that  case  heat  has  been 
fjonverted  into  light.  Such  phenomena  are  included 
under  the  term  Calorescence. 

TheOEY   Off  THE  EXCIIAITGES   OF  HeAT. 

The  theory  of  the  exchanges  of  heat,  compvehendiug 
an  explanation  of  a  great  many  of  the  phenomena  we 
ordinarily  witness,  depends  on  the  following  principles. 
It  assumes,  1st,  that  all  bodies,  no  matter  what  their 
'■temperature  may  bej  are  constantly  radiating  heat  at 
all  times;  2d,  that  the  ratio  of  radiation  depends  on  the 
temperature,  increasing  as  the  temperature  rises,  and 
dimmishiug  as  it  declines. 

Thus  the  various  objects  aronnd  us  are  constantly 
emitting  heat,  the  warm  bodies  to  the  cold,  and  the 
cold  ones  to  the  wai-m.    A  mass  of  snow  and  a  red-hot 

What  facts  militate  against  tho  Tinity  of  light  and  hent?  De- 
Rcriba  TjTidall's  experiment.  Whnt  is  Caloroscenco  f  On  what 
dnei?  t!io  theory  of  tho  exchanges  of  lieat  dojiend? 
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cannon-ball  respectively  give  off  heat,  the  ball  emittiug- 
it  in  greater  quantities  and  the  snow  in  less.  And,  eveir 
■when  the  adjacent  bodies  have  reached  the  sajne  ther- 
monaetrie  point,  they  still  continue  to  exchange  heat 
with  one  another. 

Upon  these  principles  ive  can  readily  acconnl  for  the 
fact  that  bodies  of  different  temperatures  at  first,  finally 
come  to  an  equilibrium.  If  an  ignited  cannon-shot  be 
placed  in  the  middle  of  a  large  room,  it  radiates  heat  to 
tbe  ceiling,  the  walls,  the  floor,  and  the  various  objects 
around ;  they  also  radiate  back  npon  it.  But,  from  its 
elevated  temperature,  it  emits  its  heat  faster  than  they, 
and  therefore  gives  out  more  than  it  receivcB.  Its  tem- 
perature constantly  descends,  and  continues  to  do  sa 
until  it  receives  just  as  much  as  it  gives,  which  tabes 
place  when  it  has  reached  the  same  degree  as  tbe  ob- 
jects around ;  for,  other  things  being  equal,  bodies  at 
the  eame  temperature  radiate  with  equal  speed. 

The  process  must,  however,  stop  as  soon  as  that 
equality  of  temperature  is  attained ;  for,  if  we  suppose 
the  shot  to  cool  below  that  point,  it  would  evidently 
begin  to  receive  more  heat  fi'om  the  objects  around 
than  it  gave  forth ;  and  tbe  excess  accumulating  in  it, 
the  temperature  would  at  once  rise. 

When  an  equilibrinm  is  obtained,  the  process  of  radia- 
tion Btill  continues,  but  the  exchanges  are  equal.  Two 
lighted  candles  placed  together  do  not  extinguish  each 
other  or  cease  to  exchange  light  with  each  other,  noi" 
do  two  bodies  equally  warm  cease  for  that  reason  to  ex- 
change heat.  In  a  I'oom,  therefore,  in  which  eveiy  thing 
has  the  same  temperature,  rays  are  continually  exchi 
ing,  but  each  object  mtuntains  its  own  temperature, 
caase  it  receives  as  much  as  it  gives. 

If  a  Ted-hot  ball  and  a  thermometer  bulb  be  placed 
near  one  another,  the  bulb  receives  more  heat  from  the 
ball  than  it  gives  to  it,  and  its  temperature  therefore 
rises ;  but  if  a  thei'mometer  bulb  and  a  snowball  be 
placed  in  presence  of  one  another,  the  bulb,  being  the 
hotter  body,  gives  more  than  it  receives,  and  its  temper- 

How  do  bodies  of  different  temperatnres  come  to  an  cquilibriam  ? 
Wtien  does  the  descent  of  lemperatnro  cease?  What  is  the  reason 
that  it  ceases  ?  Does  radiation  continue  when  an  equilibrinm  is 
lencliedf    Give  tlio  explanation  of  the  cold  I'ny  experiment. 
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.atiire  therefore  deseen<ls.  This  is  the  explanation  of 
iolie  cold  ray  experiment  with  the  conjugate  mirrors. 
That  experiment,  as  was  observed,  affords  no  proof  that 
there  are  rays  of  cold ;  the  effect  is  due  to  the  fact  that 
a  mutual  exchange  ia  going  forward  between  the  two 
bodies,  and  the  temperature  of  the  liotter  descends.  The 
mirrors  of  course  take  no  part  in  this  phenomenon ;  their 
office  is  merely  to  direct  the  path  of  the  rays,  as  has  been 
explained. 

Oa  the  principles  of  the  radiation  of  heat  is  founded 
"Weils's  theory  of  the  dew.  Afler  the  sun  goes  down 
rof  an  evening  drops  of  water  condense  on  the  leaves, 
graas,  atones,  and  other  objects  exposed,  to  the  air.  It 
was  once  a  question  whether  this  dew  descended  in  the 
form  of  a  light  shower,  or  ascended  from  the  ground. 
There  are  alSo  certain  oircumstances,  apparently  very 
mysterions,  attending  its  formation.  The  dew  rarely 
fails  on  a  cloudy  night ;  it  also  apparently  possesses  a 
selecting  power,  depositing  itself  on  some  bodies  in  pref- 
erence to  others.  The  theory  of  Dr.  Wells  furnishes  a 
beautiful  explanation  of  these  carious  facta.  During  the 
clay  the  various  bodies  on  the  surface  of  the  earth,  ro- 
weiving  the  rays  of  the  sun,  become  warm,  but  at  night- 
iall,  when  the  sky  is  unclouded,  they  begin  to  cool,  for, 
the  process  of  radiation  continuing  without  any  source 
of  supply,  their  temperature  must  descend.  "While  the 
sun  shone  they  received  as  mach  heat  from  him  as  they 
gave  forth  to  the  sky,  bnt,  when  he  is  set,  the  supply  is 
cut  off,  and  they  therefore  cool,  and,  as  there  is  moisture 
always  in  the  air,  their  temperature  descending,  by-and- 
by  the  dew  point  is  reached,  and  they  become  cold  enough 
to  condense  water  from  the  surrounding  air.  Tliis  is  the 
dew.  And  as  different  bodies,  according  to  the  rough- 
ness or  physical  condition  of  their  surfaces,  radiate  with 
different  degrees  of  speed,  as  Leslie's  canister  proves, 
some  of  the  objects  exposed  to  the  sky  cool  rapidly  and 
are  covered  with  dew,  but  with  others  the  dew  point 
is  never  reached;  hence  the  apparent  selecting  power. 
When  there  is  a  canopy  of  clouds  over  the  sky  dew  cin 

When  does  the  dew  form?  What  oircumslances  attending  it  Boenv 
difficult  of  explanation?  What  is  Wells'a  theory  of  the  formation 
of  dew  ?  Why  does  dow  settle  on  some  bodies  and  not  on  others  ? 
What  i»  the  effMl;  of  clouds? 
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not  form,  for  tbe  elond  I'adiates  to  the  earth  as  much  as: 
the  earth  radiates  to  it— the  exchanges  are  equal,  and 
the  equilibrium  is  maintained ;  but,  if  the  cloud  disap- 
pears, the  heat  of  the  surface  of  tlie  gi-ound  escapes  away 
into  the  regions  of  space.  Hence  cloudy  nights  are 
warm,  and  a  clear  is  orteu  a  frosty  night. 

For  similar  reasons  mountain  tops  are  always  colder 
than  valleys.  In  a  valley  the  radiation  is  obstructed  by 
the  sides  oftheadjacenthills,but  on  the  top  of  a  mount- 
ain the  free  exposure  to  the  sky  permits  of  unchecked, 
radiation. 

An  interesting  conclusion  may  be  dvawn  from  the  con- 
ditions of  the  passage  of  radiant  lieat  through  glass. 
We  have  seen  it  is  necessary  that  the  beat  should  comt' 
from  a  source  of  veiy  high  temperature  to  pass  this  me- 
dium with  facility.  Now  the  heat  of  the  sun  passes  it 
with  the  greatest  freedom,  as  is  shown  when  we  stand 
before  a  window  through  which  the  sun  sbinea.  In  the 
focus  of  a  convex  lens  bodies  may  be  readily  set  on  fire. 
We  infer,  therefore,  that  the  temperature  of  the  sun  is 
very  high,  a  result  eoiToborated  by  proofs  from  other 
sources. 

Kadiant  heat  is  susceptible  of  polarization  by  tourma- 
lines, and  transmission  through  bundles  of  jniea  set  at  a 
proper  angle  to  tho  incident  ray.  It  also  exhibits  the 
phenomena  of  diffraction  and  interference. 

The  quantity  of  heat  produced  by  chemical  combina- 
tion is  definite,  though  the  precise  determination  of  its 
amount  is  difficult,  owing  to  the  complication  with  latent 
heat  and  changes  of  volume.  By  the  aid  of  delicate  cal- 
orimeters, tables  of  the  heat  evolved  during  combustion 
and  combination  Iiave  been  constructed,  and  it  has  been 
proved  that,  for  example,  the  union  of  a  given  amount 
of  oxygen  with  the  various  elements  does  not  in  all  cases 
produce  the  same  qq^tity  of  heat.  Substances  present- 
ins;  different  allotropic  conditions  evolve  in  combustion 
different  quantities  of  heat.  In  many  decompositions 
a  large  development  of  heat  is  seen,  as  when  chloride 
of  nitrogen  or  gun  cotton  is  exploded.   In  precipitations. 


Why  13  a  monnttun  top  colder  than  a  valley?  Whnt  reason  is 
there  for  BuppoBiag  tho  temperatara  of  tho  sim  to  be  high?  How 
may  radiant  hest  be  polarised  ?  la  tho  nnioiirit  of  hcnt  prwluccd  in 
chemical  combination  definite  ? 
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as  well  as  in  the  reaction  of  acids  upon  bases,  and  solu- 
Vion  of  salts  and  gases,  distnrbances  of  temperature  oc- 
cur. It  ia  stated  that,  during  the  combination  of  equiv- 
alent quantities  of  th&  different  acids  with  a  given  base, 
nearly  the  same  amount  of  beat  is  produced.  But  these 
iuquiries  are  as  yet  very  incomplete. 

The  great  source,  however,  of  all  the  heat,  and  indeed 
nil  the  force  exhibited  in  the  various  manifestations  on 
the  face  ofthe  globe,  is  the  san;  that  from  other  sources 
Is  but  insignificant  in  comparison.  He  is  the  prime 
mover,  and  his  extinction  would  make  the  earth  a  deso- 
late waste  like  the  visible  side  of  the  moon. 


LECTURE  XVII. 
Oi'  Light. — Sources  of  Light. — The  Sun.— Incandes- 
cence. —  Combustion. — Colors  of  Xdg/Us. — Shadows. 
—  Conditions  of  the  Intensity  of  Ijight. — Photome- 
ters :  Kurrford's,  Sitchie'e,  ^Eietinction  of  Shadows, 
Chlorine  and  Hydrogen.— 7-  Velocity  of  "Light. — JJe- 


Light  may  be  artificially  proSaced  by  many  different 
processes,  such  as  the  ignition  ofsolids,  combustion,  and 
phosphorescence.  Any  solid,  If  sufBciently  heated,  be- 
comes luminous,  combustible  gases  take  fire  at  a  certain 
feemperature  in  the  air,  and  the  diamond  will  emit  a  phos- 
phorescent glow  in  a  dark  place  after  it  has  been  exposed 
to  the  day.  It  is,  however,  as  has  just  been  remarked 
in  the  case  of  heat,  to  the  sun  that  we  are  chiefly  indebt- 
ed. The  quantity  of  light  furnished  by  him  far  exceeds 
that  of  all  natural  or  artificial  sources,  and  its  brilliancy 
is  so  great  that  the  electric  spark  alone  rivals  it. 

When  the  temperature  of  solid  snbstancea  is  rdsed  to 
1000°  they  begin  to  be  luminous  in  the  daylight,  or,  as 
it  is  termed,  ai'e  visibly  red-hot.  It  requires  a  far  high- 
er temperature  to  render  a  gas  incandescent.  This  may 
be  shown  by  holding  a  piece  of  thin  platinum  wire  in 
the  current  of  hot  air  which  rises  from  the  apex  of  the 

AVhat  is  tlio  principai  soui'ce  of  lieat  ?  How  mny  light  be  pro- 
duced  nrtificially?  What  is  tha  point  of  iiicnudescenco  of  Eulids? 
How  inny  we  pi-ovo  tliat  that  of  gnaes  is  higher  ? 
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flame  of  a  lamp.  The  air  is  not  visibly  ignited,  but  the' 
platinum  wire  instantly  becomes  i-ed-liot,  showing  a  gi'eaf 
diiference  in  this  respect  betweeu  this  metal  and  a  gas. 
Different  vapors  and  gases  evo^e  difierent  quantities 
of  light  when  ignited,  The  flame  of  burning  hydrogen 
is  scarcely  visible  in  the  daylight ;  that  of  alcohol  is  but 
Fiq  Si  ^'^^'^  brighter,  bat,  under  the  same 

-_  circumstaneesjsulphurieetheremita 
"  much  light.  If  we  take  a  glass  of 
the  form  Mff.  64,  consisting  of  a. 
bulb,  a,  and  a  curved  tube,  5,  and, 
having  filled  the  bulb  with  ether, 
cause  it  to  boil  by  the  application 
of  a  lamp,  o,  the  ether  may  be  set 
on«fire  as  it  is  forced  out  of  the  vessel  by  the  pressure 
of  its  vapor.  It  burns  in  a  beautiful  arch  of  great  bi-il- 
liancy ;  but  if  we  substitute  alcohol  for  ether  the  light 
becomes  quite  insignificant. 

The  light  wliich  is  emitted  by  lamps  and  candles  is, 
however,  iu  reality  due  to  the  disengagement  of  solid 
matter.  The  constituents  of  the  gas  which  produce  the 
flame  are  carbon  and  hydrogen  chiefly ;  of  these  the  lat- 
ter is  the  more  combustible,  and  is  first  buraed ;  for  a. 
moment  the  carbon  exists  in  a  solid  form  in  a  state  of 
extreme  subdivision,  and  at  a  high  temperatnre,  but,  be- 
ing in  contact  with  the  external  aii",  it  is  immediately 


Artificial  lights  differ  in  color.  If  alcohol  be  mixeci 
with  common  salt  and  set  on  fire,  the  flame  is  of  a  yel- 
low tint ;  if  with  boracic  acid,  it  is  green ;  if  with  ni- 
trate of  strontian,  it  is  red.  It  is  upon  tliese  principles 
that  the  art  of  pyrotechny  depends. 

From  whatever  source  light  may  come,  it  exhibits  the 
same  physical  properties.  It  moves  in  straight  lines. 
When  it  impinges  on  polished  metallio  surfaces  it  is  re- 
flected, on  dark  surfaces  it  is  absorbed,  on  transparent 
surfaces,  as  glass,  it  is  transmitted.  In  the  last  case  it 
is  frequently  forced  into  a  new  path,  as  we  shall  pres- 
ently see,  and  then  the  phenomenon  takes  the  name  of 

Do  all  Enbstancea  evolve  tha  same  amonnt  of  liglit  in  burning? 
What  renders  the  llarae  of  a  candle  luminons?  How  may  flames 
be  tolored?    Mention  some  of  the  pvopDriics  of  liglit.    What  is  re- 
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refraction,  because  tlie  ray  is  h-olcen  from  its  primitive 
course. 

There  are  two  different  kinds  of  opacity,  black  and 
wliite.  Charcoal  is  a  black  opaque  substance,  earthen- 
ware is  opaque  ■white. 

The  shadows  formed  by  opaque  bodies  arise  from  the 
interception  of  light  in  its  rectilinear  progress.  They 
may  be  of  two  different  kinds,  the  common  and  the  ge- 
ometrical. The  former  arises  from  a  luminous  surface, 
the  latter  from  a  lucid  point.  The  former  consists  of 
two  portions,  the  umbra  aad.  penumbra ;  in  the  latter 
case  the  passage  from  total  darkness  to  light  on  the  side 
of  the  shadow  is  abrupt,  and  without  the  intervention 
of  any  shade. 

The  illuminatiDg  power  of  a  light  depends  upon  sev- 
Rral  conditions.  As  the  distance  increases  it  becomes 
'Jess,  the  effect  being  inversely  as  the  square  of  the  dis- 
tance; that  is,  at  two  feet  it  ^ves  only  one  fourth  of 
what  it  would  do  at  one ;  at  three  feet,  only  one  ninth. 
The  absolute  intensity  of  the  light  also  determines  the 
i'e;sult ;  thus,  there  are  flames  that  are  very  brilliant,  and 
C'thera  that  are  palei'.  The  magnitude  of  the  luminous 
svii-face  is  another  of  these  conditions ;  the  absorbent 
effect  eserted  on  the  passing  rays  by  the  air,  or  medium 
traversed,  another ;  as  is  also  the  direct  or  oblique  man- 
'.ler  in  which  the  rays  are  received  on  tlie  illuminated 
Kurfaee. 

Of  PhOTOJIETEES  and  the  MEASUKIiMENT   OF  LiGIlT, 

The  methods  resorted  to  for  the  measurement  of  light 
are  quite  numerous,  the  most  common  being  Ruraford's 
method,  Ritchie's  method,  the  method  of  the  extinction 
■of  shadows,  and  the  chlorine-hydrogen  photometer. 
The  precipitation  of  gold  from  its  chloride  by  the  aid 
of  peroxalate  of  iron,  a  process  invented  by  Dr.  J.  C, 
Draper,  and  various  photographic  operations,  are  more 
oB(ess  used  for  special  purposes. 

Kumford's  depends  on  the  principle  tliat,  of  two 
lights,  the  most  brilliant  ivill  cast  the  deepest  shadow. 

What  is  the  cnuaa  of  ahadon-Bp  ■What  ia  tho  difference  between 
common  and  geometrienl  aliadows?  Wliat  does  ilio  illuminatinf; 
power  of  a  liglit  depend  upon  f  'WiiKt  are  tlie  principal  methods  of 
pholometrr?    Describe  Riimfoi'd's  motbod. 
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If,  therefore,  the  lights  to  be  compared  are  made  to- 
cast  shadows  of  the  same  opaque  body  side  by  side  o  n 
n  piece  of  paper,  tbe  eye  can  without  difficulty  determi- 
ine  which  of  the  shadows  is  darkest,  and  tbe  ligh.t 
which  ci^ta  it,  beiug  moved  to  a  greater  distance,  or- 
the  other  brought  ueai-er,  when  the  two  shadows  are 
of  precisely  the  same  depth,  the  distances  of  the  liglitsi 
from  the  paper  will  indicate  their  relative  illuminating 
power.  ^  Thus,  if  one  ia  tiyice  as  far  off  as  the  other,  its 
intensity  ia  four  times  as  great. 
Ritchie's  photometer  depends  on  the  equal  illumina- 
j.,^.cB.  lion  of  surfaces.  It 

_,,  consists  of  a  box, 

a  5,  six  or  eight 
iuches  long,  and 
one  broad  and 
deep,  Mg.  65,  in. 
the  middle  of 
which  a  wedge  of 
wood,  /_  e  g,  is. 
placed,  with  its  an- 
gle, e,  upward. 
This  wedge  is  cov- 
ered with  white  paper  neatly  doubled  to  a  sharp  line  ^^t 
e.  In  the  top  of  the  box:  there  is  a  conical  tube,  witli 
an  aperture,  cl,  at  its  npper  end,  to  which  the  eye  is  ap- 
plied, and  the  whole  may  be  raised  to  any  suitablu 
height  by  means  of  the  stand  a.  On  looking  down 
through  d,  having  previonsly  placed  two  lights,  m  li,- 
the  intensity  of  which  we  desire  to  determine,  on  oppo- 
site sides  of  the  box,  they  illuminate  the  paper  sur- 
faces exposed  to  them,  and  the  eye  sees  both  those  sur- 
faces at  once.  By  changing  the  position  of  the  lights, 
we  eventually  make  tbem  illuminate  the  surfaces  equal- 
ly, and  then,  measuring  their  distances  from  e,  their  il- 
luminating powers  are  as  the  squares  of  those  distances. 
In  both  this  and  the  preceding  method  a  difBcOty 
arises  when  the  lights  to  be  compared  are  of  different 
tints.  To  some  extent  this  may  be  avoided  in  Ritchie's' 
instrument  by  placing  a  colored  glass  at  (t 

The  method  of  extinction  of  shadows  is  much  more 
H6ed?    Wlint  difficulty 
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ex-.act,  diiFevences  in  tlie  colovs  of  the  lights  even  serv- 
inLj  to  give  greater  accuracy.  It  depends  on  the  follow- 
in;^  principle.  If  a  light  is  made  to  throw  the  shadow 
of.  an  opaque  object  upon  a  white  screen,  there  is  a  cer- 
fdiii  distance  at  which,  if  a  second  light  be  brought,  its 
i-'ays  illuminating  the  screen,  will  totally  obliterate  ali 
traeea  of  the  shadow.  It  has  been  found  that  eyes  of 
average  sensitiveness  fail  to  distinguish  the  eifeet  of  a 
light  when  it  is  in  presence  of  another  sixty-four  times 
as  intense.  The  precise  number  varies  with  different 
eyo.s,  but  to  the  same  eye  it  is  always  the  same.  If 
th^e  be  any  doubt  as  to  the  perfect  disappearance  of 
the  shadow,  the  receiving  aoreea  maybe  agitated  or 
niaved  a  little :  this  brings  the  shadow,  to  a  certain  ex- 
tent, into  view  again.  Its  place  can  then  be  traced,  and, 
on  ceasing  the  motion,  the  disappearance  verified. 

When,  therefore,  we  desire  to  ascertain  the  relative 
iri'tensities  of  lights,  we  have  only  to  determine  at  what 
distance  they  will  extinguish  a  givcii  p/„  rj! 

shadow.     Their  intensities  are  : 
the.  squares  of  those  distances. 

The  chlorine-hydrogen  photom- 
eteir,  invented  by  Professor  J.  "W, 
DL-aper,  depends  on  the  fact  that 
ch'iorine  and  hydrogen,  if  mixed  in 
the  proper  proportion  to  fonn  hy- 
dv'ochloric  acid,  do  not  unite  in  the 
dack,  but,  if  exposed  to  even  a  foe- 
b'/j  light,  combine,  the  gases  con- 
ti-acting  more  quietly  as  the  light 
js  stronger,  and  turning  into  the 
noid.  The  contrivance  consists  of 
a,  glass  tube,  abed,  Fk/.  G6,  with 
three  platinum  wires,  y*^ /i,  fused 
into  it.  From  one  end,  d,  a  fine 
tube,  e,  projects,  provided  with   a 

scale ;  the  other  end,  a,  is  closed. 

The   stand  h  supports  the  whole, 

'*f  lien  the  instrument  ia  to  be  used,  ' 

it,  is  filled  with  hydrochloric  acid, 

and  the  wires  f  and  g  connected  with  a  voltaio  baf- 
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tery,  so  that  chlovine  may  be  evolved  from  g  and  Siydiro- 
gen  from  f.  Ab  soon  aa  the  acid  in  tlie  limb  ahli  is 
saturated  with  chlorine,  the  pole  of  the  voltaic  batte.ry 
that  had  been  connected  with /is  dipped  into  the  mjsr- 
cuiy  cnp  of  A.  Chlorine  and  hydrogen  then  accumulate 
together  at  a  5,  which  part  is  to  be  covered  with  an 
opaque  screen.  The  acid  at  the  same  time  rises  in  the 
fine  tube  e. 

On  taking  off  the  screen  over  a  h  and  exposing  the 
photometer  to  light,  the  chlorine  and  hydrogen  at  once 
commence  to  unite,  and  the  acid  descends  in  the  tube  6. 
The  amount  of  action  can  be  quantitatively  ascertaimsd 
by  examining  the  scale.  If  exposed  to  sunlight,  a  vio- 
lent explosion  will  result,  and  the  instrument  be  destroy- 
ed. This  photometer  was  extensively  used  by  Professor 
Draper  in  bis  Kesearches  on  Light,  published  in  tbie 
Philosophical  Magazine. 

Light  does  not  move  from  point  to  point  instantii- 
neoualy,  but  at  a  rate  which  is  measurable.  From  oli- 
aervations  on  the  eclipses  of  Jupiter's  satellites,  and  the 
experiments  of  Poucault  and  Pizeau,  it  appears  that  this 
velocity  is  about  192,000  miles  per  second. 

"When  ii  ray  falls  upon  a  polished  surface  it  suffers 
F'ff-CT.  reflection,  and  when  itfalls 

on  ft  transparent  medium 
it  undergoes  refraction.  It 
is  io  consequence  of  this 
that  convex  lenses,  as  in 
Fig.  6Y,  converge  the  ra/.s 
of  the  sun,  and  so  produce 
a  high  temperature.  In 
)  this  application  they  are 
called  burning-glasses,  and, 
'  until  the  invention  of  the 
voltaic  pile  and  oxyhydrO- 
"  gen  blowpipe,  presented. 
tlie  most  energetic  means  for  elevation  of  temperature. 
If  made  of  a  diameter  from  one  to  three  feet,  they  will 
efl'ect  the  fusion  of  most  earthy  and  metaOic  bodies- 
Even  gold  and  silver  volatilize  at  the  focus. 

Row  ia  tlie  amount  of  IJclit  known  ?  What  is  the  Telocity  of  light  ? 
What  arobuvuin^-glassos?    How  higlia  temperature  will  they  pro- 
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LECTUEE  XVIII. 

The  CoNSTiTtmoN  of  Solab  Light.— JVewiow's  Dis- 
coveries.— The  Solar  ^ectrum, —  Order  of  Intensity 
ofMght. — Fhioreacence. —  Chemical  Effects  oflAght. 
— ■M-aunhofer's  lAnes,  — &>ectral  Analysis.  —  Chem- 
ical Composition  of  the  Sun. —  The  Spectroscope. — 
Photography  of  the  Specirum. — Electric  Spectra. 
SiK  Isaac  Ne^vton"  fast  succeeded  in  proving  the 
compound  nature  of  light  by  the  aid  of  a  glass  pilam. 
If  J.he  shutters  of  a  room  be  closed,  wtg.  C3. 

an  d  through  an  aperture  in  one  of 
tl'iGin  a  beam  of  the  sun  enters,  a, 
I'lg.  68,  it  pursnes  a  striught  pith, 
foijlowing  the  dotted  line  a  e.    Nov,  '-^a, 
let  the  prism  iutei-pose  in  the  posi       l^^p' 
tion  b  c,  so  as  to  intercept  complete       |    ^^ 
]y  f.ho  beam.    It  goes  no  longer  to  c        1 
but  is  bent  out  of  its  course  and       '' 
moves  in  the  direction  cl. 

-L'wo  striking  facts  are  now  to  be  lemaiked,  fiist,  the 
ray  a  is  broken  or  refracted  from  its  path ,  and,  second, 
instead  of  forming  on  the  surface  d,  upon  vhich  it  falls, 
a  -white  spot,  an  elongated  and  beautifully  colored  im- 
age is  produced.  These  colors  are  said  to  bo  seven  in 
initmber,  though  they  shade  imperceptibly  into  one  an- 
o'ilier — rod,  orange,  yeilow,  green,  blue,  indigo,  violet. 
This  separation  of  the  colors  from  one  a  ' 
I'.ated  by  the  term  dispersion. 

U'ewton  has  shown  that  white  light  c 
T  arions  colored  rays  bleuded  together,  and  their  separa- 
ti  on  in  the  case  before  us  is  duo  to  the  fact  that  the 
prism  refracts  them  unequally.  On  examining  the  po- 
■■iition  of  the  colors  in  relation  to  the  point  e,  to  which 
I'hey  ivoald  all  have  gone  had  not  the  prism  intervened, 
it.  ia  asceitained  that  the  red  is  least  disturbed  or  re- 
fracted from  its  original  path,  and  the  violet  most.    For 

How  tnny  the  eomponnd  nature  of  light  be  proved  ?  Wlial  facia 
r-re  reuinrked  on  pasBing  light  throngh  n  prism?  What  is  disper- 
sion?   What  J3  meant  by  least  and  most  refrangihlo  rajs  ? 
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this  reason  we  call  the  reel  the  least  refrangible  ray, 
the  violet  the  most  refrangible,  and  the  yellow  intertrie- 
diately. 

That  the  mixture  of  these  colored  rays  reproducaa 
Fi-j.  m.  white  light,  may  ha  proved  by  i-o- 

sorting  to  any  optical  contrivance' 
■which  will  reassemble  them,  as,  tbi' 
instance,  another  prism,  set   with 
Its  back  ill  the  opposite  direction 
to  the  first  one,  or  a  color-blender, 
Piff.eO.     This  consists  of  a  light 
disc  moiiDted  upon  an  axis,  around 
\i  liiLii  It,  nn>  Ije  uiused  to  revolve  with  rapidity.    TJfion 
Its  iace  aie  painted  the  seven  principal  colors. 
I  On  causing  it  to  rotate,  the  colors  blend  toget.h- 
I  er  and  the  disc  Beems  nearly  white. 

Let  V  r.  Fig.  70,  represent  the  spectmm  which 

is  given  by  a  eunljeam  after  its  passage  throng"h 

^  prism,  and  e  the  point  to  which  it  would  hav  e 

I  gone  had  not  the  prism  intervened.     The  ordev 

I  of  colors,  commencing  with  that  which  is  leas'! 

I  disturbed  from  its  path  or  nearest  to  e,  is  as  t'ol- 


lle.l, 


Yellow, 
Gret 


Bine, 

Indigo, 

Violet. 


3  this  difference  in  color,  the  light  differs  in  iln- 
trinsic  brilliancy  in  the  different  spaces.  Thus,  if  \'ve 
receive  the  spectrum  on  a  piece  of  finely-printed  papei;. 
ive  can  read  the  letters  in  each  color  at  very  different 
distances.  In  the  yellow  region  the  light  is  most  bril-- 
liant,  and  tliere  we  can  read  farthest.  From  this  point 
the  light  declines  in  brilliancy  to  the  two  ends  of  th>-3 
spectrum,  its  intensity  in  the  colored  spaces  being  in  th  e 
following  order :  yellow,  green,  orange,  red,  blue,  indigo,, 
violet. 

It  Avas  discovered,  however,  by  Stokes  that  if  the  pa- 
per bo  impregnated  with  an  acid  solution  of  sulphate') 

How  may  the  rceomposition  of  whito  light  ba  oftectod  P  Describt: 
the  color-blender.  "What  ia  the  order  of  the  colors?  How  chu  wc 
show  the  difference  of  btilliancy  in  different  pnvts  of  the  spectrnra  f' 
What;  13  the  order  of  brilliaDCj  of  the  coloisf 
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of  quiniDe,  the  visibility  of  the  rays  at  tlie  violet  end  of 
tii.o  spectvuni  is  much  increased.  He  attributed  it  to 
the  lowering  of  the  refraugihility  of  those  extreme  rays 
sc>  as  to  briug  tieni  into  the  visible  group.  Decoctioua 
oi'  horse-chestnut  "bark  shows  the  phenomenon  particu- 
j.aivly  well:  it  is  termed Jluorescenee. 

The  alchemists  found,  centariea  ago,  that  the  oliloiide 
of  silver,  a  substance  of  snowy  whiteness,  turns,  black 
on  exposure  to  light.  More  recently  a  great  numbei" 
of  such  bodies  have  been  found — bodies  ■which  change 
ivir.h  greater  or  less  rapidity  under  the  influence  of  this 
iigent.  The  iodide  and  bromide  of  silver,  whicli  foi'm 
tho  basis  of  photography  on  glass,  are  such.  In  the 
same  manner,  changes  take  place  in  a  great  variety  of 
organic  compounds;  the  most  delicate  vegetable  hues 
i.ire  soon  bleached,  and,  indeed,  a  ray  of  light  can  scarce- 
1  y  fall  on  a  surface  of  any  kind  without  leaving  traces 
of  its  action. 

If  a  piece  of  paper  spread  over  with  chloride  of  silver 
l'.>e  placed  in  the  solar  spectrum,  it  soon  begins  to  black- 
en ;  but  it  does  not  blacken  with  equal  promptitude  in 
each  of  the  colored  spaces,  the  effect  taking  place  most 
ratpidly  among  the  more  refrangible  colors,  and  especial- 
ly in  the  indigo  region.  As  in  the  case  of  heat,  the  ef- 
fe<;t  extends  far  beyond  the  limits  of  the  spectrum,  and 
v'here  the  eye  can  not  discover  a  trace  of  light. 

By  placing  a  chlorine-hydrogen  photometer  snccess- 
iv  ely  in  the  various  colored  spaces,  we  can  readily  de- 
tCivmine  the  place  of  maximum  action,  and  the  distribu- 
tion of  chemical  influence  throughout  the  spectrum. 
The  greatest  effect  is  found  among  the  more  refrangible 
colors,  and  from  that  point  diminishes  toward  each  end 
of  the  spectrum. 

Wben  the  aperture  which  admits  a  ray  of  light  into 
n,  dark  room,  Ji'tff.  68,  is  a  narrow  fissure  or  slit  not  more 
than  one  thirtieth  of  an  inch  in  width,  the  spectrum 
which  is  formed  by  the  action  of  a  prism  is  crossed  by 
great  numbers  of  black  lines.  These,  called  Fraunho- 
i^■er'3  lines,  are  always  found  in  the  same  position  as  ]'e- 

Ti'bat  is  flnoraaoencc?  What  changes  occur  in  chloride  of  silver 
^n  thelight?  Mention  other  Enbstaii  cos  affected  by  light.  Hoivdoca 
chloride  of  Eih'cr  act  in  the  aolnr  specli'um?  How  may  the  point  of 
'Lnnximnm  action,  bo  fonnd  ?    How  can  ri-aunhofev's  lines  bo  shown  ? 
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spects  the  colored  spaces,  and,  from  the  invariability  ■of 
Fin.  n.    that  position,  are  ased  as  boundary  marks.    The 
more  prominent  ones  are  designated  by  the  let- 
ters of  the  alphabet,  a,nd  their  relative  inagiii- 
tudo  and  position  is  given  in  Fiff.  71. 

"When,  instead  of  solar  light,  Sight  from  other- 
sources,  as  a,  candle,  the  stars,  the  electric  epark^, 
etc.,  is  used,  tlie  number  and  position  of  the 
lines  is  entirely  changed.  On  causing  various 
bodies  to  volatilize  in  tbe  flame  of  a  spirit-latnp 
or  gas-burner,  a  characteristic  bright  group  ap- 
pears for  each,  and  by  tlie  aid  of  a  prism  prop- 
erly arrangeii,  -we  are  enabled  to  find  out  tbe 
chemical  composition  of  many  bodies,  and  evten 
ascertain  the  preseneo  of  traces  too  minute  to 
be  detected  in  any  other  manner.  Thisbrancl'i 
ofcbemicalinquiry,  called  spectroscope  analysis;, 
'ed  a  great  impulse  from  the  discoveiy,  by  Kircti- 
hoff  and  Buusen,  of  two  new  metals,  caesium  and  rubicl- 
ium,  in  certdu  mineral  waters.  The  former  gives  char- 
acteristic blue  lines  in  the  spectrum,  tbe  latter  red  on  es. 
They  also  made  the  discovery  that  on  passing  abeam 
of  light  from  an  ignited  solid,  which  was  sliown  'by 
Professor  Draper  to  have  no  fixed  lines,  through  a  flaime 
in  which  sucL  a  substance  as  sodium,  for  example,  W.is 
volatilizing,  instead  of  the  bright  yellow  lines  usuall.y 
given  by  Siat  substance  appearing,  there  came,  in  the;ir 
place,  black  lines,  the  flame  having  absorbed  the  rays  it 
would  otherwise  have  yielded.  They  were  hence  led  to 
conclude  that  the  lines  in  the  solar  spectrum  are  due  t<.» 
the  absoi-ptive  action  of  the  atmosphere  of  that  body, 
and  that  we  could  infer  hifi  chemical  composition  by  com- 
paring the  solar  spectrum  with  that  of  flames  in  which, 
the  various  elements  were  burning.  In  the  same  mar-- 
ner  the  composition  of  the  stars  has  been  examined.. 
The  atmosphere  of  the  sun  contains  sodium,  potassium, 
magnesium,  calcium,  iron,  chromium,  and  nickel,  besides 
many  other  substances.  The  only  diificulty  in  the  way 
of  this  hypothesis  is,  that  it  is  known  that  a  change  in 
temperature  may  vaiy  the  position  of  the  spectral  line.*. 

How  are  tliey  designateil  ?  Are  they  the  same  in  all  kinds  of 
light?  Wliat  is  speotroacopo  analysis?  "VVliat  were  Bnnsen  nnd 
KirchhofFs  diEeoverles  ?    What  metala  ate  fonnd  in  the  sun  ? 
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The  instrument,  the  spectroscope,  TPhich  is  in  common 
!ise  m  laboratories,  is  constructed  as  follows :  P,  Fig.  73, 


'>'  ^nd,  F.  The  tube  A  lias  a  lens  at  the  end  nex.t  the 
p  1,13m,  and  a  vertical  slit  at  the  othei,  the  tnbe  being  of 
81  ich  a  len^h  that  the  foens  for  parallel  rays  falls  on  the 
slit.  At  B  is  an  obseiving  telescope,  having  a  lens  at 
l'.ho  end  next  the  prism,  and  an  eye-piece  at  the  other: 
i'c  is  adjustable  by  the  two  screws  a  h.  The  telescope  C 
has  also  a  lens  toward  the  prism;  but  at  its  other  end, 
-"^nd  in  the  focus  of  the  lens,  is  a  scale  on  an  opaque 
igi-OHud,  which  is  to  he  illiiminated  by  a  feeble  light ; 
d  is  an  adjusting  screw. 

In  the  use  of  the  iustnimeut,  the  substance  to  be  ex- 
amined IS  placed  in  the  flame,  e,  of  a  gaa  burner,  F.  The 
vays  pass  down  the  tube  A^  are  rendered  parallel  by  its 
lens,  pass  through  the  prism,  are  refracted  and  suffer 
dispersiou,  and  the  resulting  spectrum  is  examined  by 
the  telescope  B.  As  a  reflection  of  the  scale  G  is  seen 
at  the  same  time  in  the  field  of  _S,  the  position  of  the 
different  lines  may  be  measured.  By  the  aid  of  the 
flame  D  and  a  reflector,  two  spectra  may  bo  seen  iu  B 
e  time. 

la  consiiuction  of  the  spectroscope.     Hoiv  is  it  used? 


at  the  Si 
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The  delicacy  of  the  reactions  ia  shown  by  the  state- 
ment, that  by  the  aid  of  the  spectroscope  ^.-o;...  of  ct 
grain  of  sodiani  can  be  detected. 

The  positioQ  of  many  of  these  fixed  lines  of  the  solaf 
spectrum,  including  those  at  the  moi-e  i-efraugible  end., 
has  been  determined  by  tho  aid  of  pliotography,  Pro- 
fessor Draper  having  first  photographed  them  in  1842, 
and  discovered  four  great  groups,  contaiuiag  many  hund- 
red lines,  which  he  named  M,  N,  O,  P,  and  which  are  iu- 
visible  to  the  eye. 
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The  spectra  of  many  attbatancea  can  only  be  seen  by 
b  aving  recourse  to  tlie  aidof  RuhmkorfTs  coO,  the  term- 
j'mal  wh-es  being  coated  with  the  body  to  be  tried,  or 
else  the  spark  passed  through  a  vessel  or  tube  cantain- 

in  Jfig.  73,  No.  1  shows  the  principal  dark  lines  of  the 
fiolar  spectrum ;  2  represents  the  spectral  lices  or  bands 
"■    ;ed  by  the  absorbing  action  of  bromine ;  3,  those 
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of  nitrous  acid ;  4,  those  of  per  chloride  of  maugaDese  ; 
5  is  the  spectrum  obtained  by  burning  chloride  of  co].i- 
per  in  alcohol ;  and  6,  boracio  acid  in  alcohol. 

In  Fig.  74  the  solar  spectrum,  with  its  principal  lines., 
is  placed  above,  and  below,  ia  order,  are  the  spectra  fA' 
potassium,  sodium,  lithium,  rubidium,  caesium,  stron- 
tium, calcium,  barium,  aud  thallimn. 


LECTURE  XIX. 
WiVK  Thboet  of  Light. — Pt-oofs  of  the  Meiaimoe  of 
the  Ether. — Light  consists  of  Wooes  in  it. —  The 
JUthereal  I'articlea  move  Jnit  little. — I>istinction  be- 
tween Vibration  and  Undiilation. — Fi-eaneVs  Theory/ 
o/*  S^ansverseViirations. — T-ansverse  and  N'omta-l 
Waves. — SHllianoy  of  Light  depends  on  AfnpUttfde. 
of  Vib}'ation. 

The  cause  of  light  ia  an  undulatory  movement  taking; 
place  in  the  ethereal  medium.  That  such  a  medium  ex- 
ists throughout  all  space,  seems  to  be  proved  by  a  num- 
ber of  astronomical  facts.  It  exerts  a  resisting  agency 
on  bodies  moving  in  it.  From  its  tenuity,  we  saou'Id 
scarcely  expect  that  it  would  impress  a  marked  distur  b- 
ance  on  the  great  planetary  masses,  but  on  cometary 
bodies  that  are  light  and  gaseous  it  produces  a  percepti>- 
ible  action.  The  comet  of  Encke,  with  a  period  of  abou.t 
1200  days,  is  accelerated  in  each  revolution  by  about  two 
days,  and  that  of  Biela,  with  a  period  of  2460  days,  is  a'-> 
celerated  by  about  one  day.  As  there  is  no  otfcier  obvi- 
ous cause  for  these  results,  astronomers  have  very  gen  - 
eralJy  looked  upon  them  as  corroborative  proofs  of  the 
existence  of  a  resisting  medium — that  universal  ether  to 
which  so  many  other  facts  point. 

In  this  elastic  medium  undulatory  movements  can  b(-' 
propagated  in  the  same  manner  as  waves  of  sound  in 
the  air.  It  is  to  be  clearly  understood  that  the  ether 
and  light  are  distinct  things ;  the  latter  is  mei'ely  the 
eifect  of  movements  in  the  former.  Atmospheric  air  is 
one  thing,  and  the  sound  which  traverses  it  another. 

What  does  J^g.  74  represent  ?  What  ia  the  cause  of  light  ?  Whcl 
[iroofshare  we  of  the  eslstencoofanether?  What  dieiinetion  ia  to 
lie  made  between  ether  and  light  ? 
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'/he  air  is  not  made  up  of  the  notes  of  the  gamut,  nor  is 
the  ether  composed  of  the  seven  colors  of  light. 

Across  the  ether  nndulatoiy  movements,  resembling 
'in  many  respects  the  waves  of  sound  in  the  atmosphere, 
traverse  with  prodigious  velocity.  Frora  the  eclipses 
-of  Jupiter's  satellites  and  other  astronomical  plienom- 
aina,  it  appears  that  the  rate  of  the  propagation  of  light, 
or  the  velocity  with  which  these  waves  advance,  is  about 
1.92,000  miles  in  a  second.  We  are  not,  however,  to  un- 
derstand by  this  that  the  ethereal  particles  rush  forward 
in  a  reotilineur  course  at  that  rate:  those  particles, far 
from  advancing,  Tem^n  stationary. 

If  we  take  a  long  cord,  Mg.  75,  and,  having  fastened 
i!u  by  the  extremity,  5,  to  a  fixed  obstacle,  commence 
agitating  the  end  a  up  r,„.  75. 

and  down,  the  cord 
will  be  thrown  into  _ 
wavelike  motions  pass- ' 
iing  rapidly  from  one 
■end  to  the  other.  This  may  afford  ns  a  rude  idea  of  the 
nature  of  ethereal  movements.  The  particles  of  which 
■<he  cord  is  composed  do  not  advance  or  retreat,  though 
the  undulations  are  rapidly  passing. 

A  distinction  is  to  be  made  between  the  words  vibra- 
ition  and  undulation.  In  the  ease  of  the  cord,  Fig.  75, 
the  vibration  is  represented  by  the  movement  exerted 
;by  the  hand  at  the  free  extremity,  «y  the  undulation  is 
the  wave-like  motion  that  passes  along  the  cord.  We 
laee,  therefore,  that  these  stand  in  the  relation  of  cause 
:and  effect:  the  vibration  is  the  cause,  and  the  undula- 
(tion  the  effect.  Throughout  the  ethereal  medium,  each 
particle  vibrates,  and  transmits  the  nndulatory  effect  to 
the  particles  next  beyond  it. 

In  the  same  way  as  a  vibrating  cord  agitates  the  sur- 
rounding air  and  makes  waves  of  sound  pass  through 
it,  so  does  an  incandescent  or  shining  particle,  .vibrating 
with  prodigious  rapidity,  impress  a  wave-like  motion  on 
the  ether,  and  the  movement  eventually  impin^ng  on 
the  eye  is  what  we  call  light. 

To  refer  again  to  the   simple  illustration  given  in 

What  is  the  velocity  of  light?  What  does  Fig-  75  illualrate? 
What  is  tiie  distinction  between  vibration  and  undulation  ?  How 
does  a  shining  pattiele  commutiicitte  an  impiession  to  the  eye? 
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^g.  15,  it  is  obvious  tbat  there  is  an  infinite  varietv- 
of  directions  in  which  we  may  vibrate  that  cord,  oj 
throw  it  into  undulations.  We  may  move  it  up  and. 
down,  or  horizontally  right  and  left,  and  also  in  an  infi- 
nite number  of  intennediate  directions,  every  one  of 
j.%.7fi.  which  is  transverse, 

or  at  right  angles-to. 
length  of  the 
d,  as  aa,bb,c  c, 
eto.,-%.70.  Thisi'a 
the  peculiarity  of  the 
movement  of  light.  Its  vibrations  are  transverse  to  tlhe 
course  of  the  ray,  and  in  this  it  differs  from  the  mov  e- 
ment  of  sound,  in  which  the  vibrations  are  normal ;  thjrt 
is  to  say,  in  tiie  direction  of  the  resulting  wave,  and  not 
at  right  angles  to  it. 

This  great  discovery  of  the  transverse  vibrations  of 
light  was  made  by  M.Fresnel. 

It  may,  however,  be  remarked,  that  though  light  con-- 
sista  of  rays  originating  in  these  transverse  motions,  it 
is  not  impossible  that  there  may  be  other  phenomeiAa 
which  correspond  to  movements  in  other  directions. 
To  those  movements  onr  eyes  are  totally  blind,  and 
hence  we  can  not  speak  of  them  as  light.  In  the  sam  e 
■way  there  may  be  raotiona  in  the  air  due  to  transversei 
vibrations,  but  to  them  our  ear  is  perfectly^  deaf. 

Lights  differ  from  each  other  in  two  striking  particu- 
lars— brilliancy  and  color.  These  are  detennined  by 
certain  qualities  in  the  waves.  On  the  surface  of  watei' 
we  may  nave  a  wave  not  an  inch  in  altitude,  or  a  wave,, 
as  the  phrase  is,  "mountains  high."  Under  these  cir- 
cumstances waves  are  said  to  differ  in  amplitude ;  and 
transferring  this  illustration  to  the  case  of  light,  a  wave, 
the  amplitude  of  which  is  great,  impresses  ua  with  a. 
sense  of  intensity  or  brilliancy ;  but  a  wave,  the  ampli- 
tude of  which  is  less,  is  less  bright.  The  brilliancy  of 
iigbt  depends  on  the  magnitude  of  the  excursions  of  the 
vibrating  particles. 

In  how  many  wnys  may  a  cord  ba  vibratpd  ?  Am  other  mofinns 
of  tho  ether  possible?  In  wliat  particulars  do  lights  differ  ?  Wliat 
Is  the  cauBO  of  the  difference  ii\  brilliancj  ? 
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LECTURE  XX. 
Wave  Theokt  of  Light.— Cofers  of  Light  depend 
upon  Wane  Lengths. —  Liierference  of  Sounds. — 
Young's  Theory  of  tlie  Interference  of  Liglit. — Con- 
ditions of  Interference. — Explanation  of  Lights  and 
Shades  in  Shadows. 

By  the  length  of  a  wave  upon  water,  we  mean  the  dis- 
ti).rtce  that  intervenes  from  jv^,  -,^_ 

th  e  crest  of  one  wave  to  that     ^^ 
oil"  the  next,  or  from  deprea- '  /-  K 
siontoaepvesBion.    Thus, in         \-\^  _. 
Vig.  7T,  from  a  to  c  consti-      '' 
tutes  the  wave  length,  and  from  a  to  &  its  altitude  or 
lieight. 

In  the  ether  the  length  of  waves  determines  tlie  phe- 
nomenon of  color.  This  may  bo  rigorously  proved,  as 
we  shall  soon  see  when  we  come  to  the  methods  by 
w  hich  philosophers  have  determined  the  absolute  lengths 
of  undulations.  It  has  been  found  that  the  longer  waves 
g;ive  rise  to  red  light,  the  shorter  ones  to  violet,  and 
those  of  intermediate  magnitudes,  the  other  colors  in 
the  order  of  their  refrangibility. 

Two  rays  of  light,  no  matter  how  brilliant  they  are 
separately,  may  be  brought  under  such  relations  to  one 
another  as  to  destroy  each  other's  effect  and  produce 
darkness ;  two  sounds  may  bear  such  a  relation  to  each 
other  that  they  shall  produce  silence ;  and  two  waves  on 
the  surface  of  water  may  so  interfere  with  one  another 
that  the  water  shall  retam  its  horizontal  position. 

Take  two  tuning-forks  of  the  same  note,       j,,-^  jg 
and  fasten  by  a  little  «ealing-wax  on  one  /t 

prong  of  each  a  diso  of  car^oard  half  an       ^ss^-^ 
inchindiameter,aseeenin  J^^r,  78, «.   Make      T~JI 
one  oftheforks  alittleheavierthan  the  oth-  6     i  g?! 
er  by  putting  on  the  end  of  it  a  drop  of  the         i  ll 

Then  take  a  glass  jar,  h,  about  two  inches      ^H     j 
in  diameter  and  eight  or  ten  long,  and  hav-     ^^ 


Hc^i^db,  Google 


104  TWO  soIj-njjs  produce 

ing  made  one  of  the  forts  vibrate,  hold  it  over  the 
mouth  of  the  jar,  as  seen  at  <?,  its  piece  of  cardboard  be- 
ing downward ;  commence  pouring  water  into  the  jar. 
and  the  sound  ivill  be  greatly  re-enibrced.  It  is  the  col- 
umn of  air  ia  the  jar  vibrating  in  uoison  with  the  fork, 
and  we  adjust  its  length  by  pouring  in  the  water. 
When  the  sound  ia  loudest  we  cease  to  pour  in  anj 
more  water,  the  jar  is  adjusted,  and  we  can  now  provt. 
that  two  sounds  added  together  may  produce  silence. 

It  matters  not  which  fork  is  taken,  whether  it  be  th  o 
light  or  the  loaded,  on  making  it  vibrate  and  holding  it 
over  the  mouth  of  the  resonant  jav,  we  hear  a  unifo".'"m 
and  clear  sound,  without  any  pause,  stop,  or  cessatio  n. 
But  if  we  make  both  vibrate  over  the  jar  together,  a  re- 
markable phenomenon  arises — a  series  of  sounds  alter-- 
nating  with  a  series  of  silences ;  for  a  moment  the  sound 
increases,  then  dies  away  and  ceases,  then  swells  forth 
again,  and  again  declines;  and  so  it  continnea  until  thej 
forks  cease  vibrating.  The  length  of  these  paases  may 
be  varied  by  putting  more  or  less  wax  on  the  ioadeC' 
fork;  and  aa  we  can  see  that,  even  during  the  periods 
of  silence,  both  forks  are  rapidly  vibrating,  the  espen'- 
nient  proves  that  two  sounds  taken  together  may  pro- 
duce silence. 

Under  these  circumstances,  waves  of  sound  are  saitl 
to  interfere  with  each  other,  and  ia  iike  manner  inter^- 
ference  takes  place  among  the  waves  of  light.  We  can 
gather  aa  idea  of  the  mechanism  by  considering  this 
case  in  waves  upon  water,  in  which,  if  two  undulations', 
encounter  each  other  under  such  circumstances  that  the- 
concavity  of  the  one  corresponds  with  the  convexity  of 
tlie  other,  they  mutnally  destroy  each  other's  effect. 

If  two  systems  of  waves  of  the  same  length  encoun- 
ter each  other  after  having  com&  through  paths  oi  equal 
length,  they  will  not  interfere ;  nor  will  they  interfere, 
even  though  there  be  a  difference  in  the  length  of  these 
paths,  provided  that  the  difference  be  equal  to  one  whole 
wave,  or  two,  or  three,  etc. 

But  if  two  systems  of  waves  of  equal  length  encoun- 

"What  i3  the  usa  ofthejoi'  of  water?  How  may  Bilance  1)6  pr<)- 
diiced  bj  the  vibrating  tuninR-forks?  What  is  meant  by  interfar- 
onoe  of  sound  ?  How  may  it  lio  illustrated  by  wares  on  water  ?  Un- 
der what  cirenmatancea  do  undulations  re-enforce  one  another? 
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;',er  each  otLer  after  i}aviiig  come  through  paths  of  mm- 
^squal  length,  they  will  ioterfere ;  and  that  iDterference 
■I'.vill  be  complete  when  the  difference  of  the  paths  thraugh 
vvliich  they  have  come  is  half  a  wave,  or  1^,  24, 3^,  etc. 

I'hese  cases  are  respectively  shown  at  a  6  and  c  d, 
.  ¥ig.  79,  at  the  point  of  encounter,  x.  rin.  70. 

.fii  the  lirst  instance,  the  two  sets  of     ^     ^ 
>\'aves  are  in  the  same  phase,  that  is,  ; 
ijieir  concavities  and  convesities  re- 
s-^iectively  con-espond,  and  there  is  ^ 
iici  interference ;  but  in  the  second  T 
ca.se,  at  the  point  of  encounter,  a;,  the 
t'.vo  systems  are  in  opposite  phases, 
tli.e  convexity  of  the  one  corresponding  with  the  con- 
i^javity  of  the  othev,  and  interference  takes  place. 

Upon  these  principles  we  can  account  for  the  remart- 
able  results  of  the  following  e^eriment :  From  a  lucid 
'point,  s.  Fig.  80,  which  may  be  —  "- 

:ibrmed  by  the  rays  of  the  sun  con- 
verged by  a  double  convex  lens  of 
t-h'Ort  focus,  or  by  passing  a  sun- 
bi'jam  through  a  pinhole,  let  rays 
euianate,  and  in  them  place  an 
o;paque  obstacle,  ceS,  which  we  will 
suppose  to  bo  a  cylindrical  body, 
s,eeii  endwise  in  the  figure.  At 
s^ome  distance  beyond  place  a  screen  of  white  paper, 
11  cl,  to  receive  the  shadow.  It  might  be  supposed  that 
Ihis  shadow  should  be  of  a  magnitude  included  Fig.  ei, 
between  iB»/,bec3ase  the  rays  a  «,  a  5,  which  pass  | 
the  sides  of  the  obstacle,  impinge  on  the  paper  at  | 
those  points.  It  might  farther  be  snpposed  that  j 
within  the  space  x  y  the  shadow  should  be  uni-  I 
ibrmly  dusky  or  dark,  but  on  examining  it  such  i 
jwiJI  not  be  found  to  be  the  case.  The  shadow  | 
>vili  be  found  to  consist  of  a  series  of  light  and  I 
dark  stripes,  aa  represented  in  Fig.  SI.  In  its 
middle,  at  e,Figs.  80  and  81, there  is  a  white  stripe; 
this  is  succeeded  on  each  side  by  a  dark  one,  this  again 
^oy  a  bright  one,  and  so  on  alternately. 

Under  what  circumstances  do  they  interfere  ?  Describe  Fig.  79, 
T)esoi'ibe  the  experiment  Fig.  fa.  What  is  seen  on  the  screen  ? 
IIoiv  is  this  explained  on  the  undnintory  theory? 
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Upon  tlie  uHdulatory  theory  all  this  is  readily  ex  .- 
plained.  Sounds  easily  double  round  a  coroer,  and  ar'  s 
iieard  though  an  obstacle  intervene.  Waves  upon  wt  i- 
ter  pass  round  to  the  back  of  an  object  on  which  thej  ' 
impinge,  and  the  undulations  of  light  in  the  same  man-  ■ 
ner  flow  round  at  the  back  of  the  cylinder  a  b,  Fig.  80  . 
And  now  it  is  plain  that  two  series  of  waves  which  hav  e 
passed  fconi  the  sides  of  the  obstacle  to  the  middle  o,  f 
the  shadow,  that  is,  along  the  lines  a  e,  6  e,  have  gone 
through  paths  of  equal  length,  and,  therefore,  when  tbwy 
encounter  at  the  point  e,  they  will  not  interfere,  but  ex- 
alt each  other's  effect. 

But,  leaving  this  central  point,  e,  and  passing  to  fJ.,  it 
is  plain  that  tho  systems  of  waves  which  have  co.me 
through  the  paths  af,  bf,  have  come  through  differen'.t 
distances,  for  bf\s  longer  than  af;  and  if  this  differ- 
ence be  equal  to  the  Isngth  of  half  a  wave,  they  will', 
when  they  encounter  at  the  point  /",  interfere  and  dts- 
stroy  each  other,  and  a  dark  stripe  results. 

Beyond  this,  at  the  point  g,  the  waves  ffom  each  sifle 
of  the  obstacle  ag,bg,  again  have  come  through  un- 
equal-paths  ;  but,  if  the  difference  is  equal  to  the  leng^th 
of  one  whole  wave,  they  will  not  interfere,  and  a  wh  ite 
stripe  results. 

Reasoning  in  this  manner,  we  can  see  that  tho  int.e- 
rior  of  such  a  sliadow  consists  of  illuminated  and  dar:k 
spaces  alternately — illuminated  spaces  when  the  lig'ot 
has  come  through  paths  that  are  equal,  or  that  difit'r 
from  each  other  by  1,  2,  3,  4,  etc.,  waves,  and  dark  when 
the  difference  between  them  is  equal  to  ^,  1 J-,  2^-,  SJ,  etc., 
waves. 

That  it  is  the  interference  of  light  coming  from  thf 
opposite  sides  of  tho  opaque  object  which  is  the  cause 
of  these  phenomena,  is  proved  by  the  circumstance  thnt 
if  we  place  an  opaqne  screen  on  one  side  of  the  obsta- 
j  to  prevent  the  light  passing,  the  fringes  all 


What  is  the  cause  of  the  white  stripe  in  the  centre  ?  What  is  the 
cause  of  the  dnrk  stdpes  on  each  side,  nnd  of  tlie  white  stripes  which 
succeed  them?  How  can  it  be  proved  that  these  stripes  result  from 
interference  ? 
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LECTURE  XXI. 

Wave  Theory  of  Lierii^ — Measurement  of  the  Length 
of  a  Wave  of  Light. — Lengths  differ  for  different  Col- 
ors.— Measurement  of  the  Itapidity  of  Vihration, — 
Mature  ofPolarie^d  Light. — Plane,  Circular,  and  Ml- 
liptieal  Polarked  Light. — M^cHoji,  SefracHon,  and 
Absorption  of  Liffht. —  Cause  of  the  Color  of  Objects. 
The  experiment,  Mg.  80,  may  enable  ua  to  determine 
th  e  length  of  a  wave  of  light.    This  may  be  don^  by 
irt'dasuring  the  distances  fl/and  bf,  or  from  the  Bides 
o-Tthe  obstacle  to  the  first  bright  stripe  from  the  cen- 
tral one,  for  at  that  point  the  difference  between  those 
.two  lines,  af  and  of,  is  equal  to  the  length  of  one 
wave.     We  might  employ  the   second  bright  stripe; 
t  he  difference  would  then  be  equal  to  two  waves. 

Farther :  if,  instead  of  using  ordinary  white  light,  ra- 
diating from  the  lucid  point  s,  we  use  colored  lights, 
su'sh  as  red,  yellow,  blue,  etc.,  in  succession,  we  shall 
fid.d  that  the  wave  length  determined  by  the  process 
ju  st  explained  differs  in  each  case ;  that  it  is  greatest  in 
rt;d,  and  smallest  in  violet  light.  By  exact  experiments 
rvQade  upon  methods  more  complicated  than  the  element- 
ary one  here  given,  it  has  been  found  that  the  different 
colored  rays  of  light  have  waves  of  the  following  length : 

Wave  Lengths  of  the  Different  CcAors  of  Light. 

The  English  inch  is  supposed  to  be  divided  into  10  mil- 

'lion  equal  parts,  and  of  those  parts  the  wave  lengths  are, 

For  red  light 256  |  For  Wue  ligTit 196 

"    orange  light 240       "   indigo  "      185 

"    yellow     "     227       "   violet    "     174 

"  green     "    211  | 

In  this  manner  it  is  proved  that  the  different  colors 
of  light  arise  in  the  ether  from  its  being  thrown  into 
waves  of  different  lengths. 

Knowing  the  rate  at  which  light  is  propagated  in  a 

How  can  tho  length  of  a  wave  of  light  ba  measured  ?  What  I'e- 
:siilfg  on  using  various  colored  lights?  Give  the  wave  lengths  of  the 
different  colors. 
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BecoBd,  and  the  wave  length  for  a  particular  color,  we : 
can  readily  tell  the  number  of  vibrations  executed  in  .  a 
second,  for  they  plainly  are  obtained  by  dividing  192,00^  0 
miles,  the  rate  of  propagation,  by  the  wave  length.. 
From  this  it  appearo  that  if  a  single  second  of  time  be 
divided  into  one  million  of  eqnal  parts,  a  wave  of  red . 
light  trembles  or  pulsates  458  millions  of  times  in  tha  c 
inconceivably  short  interval,  and  a  wave  of  violet  ligh'  c 
727  millions  of  times. 

Common  light,  as  has  been  said,  originates  in  vibrt.v 
toiy  motions  taking  place  in  every  direction  transvei-se 
to  the  ray.  With  polarized  light  it  is  different.  To 
gather  an  idea  of  the  nature  of  polarized  light,  we  mu  st 
refer  once  more  to  the  coi-(i,Mg.1Q,  which,  as  has  bei'in 
said,  serves  to  imitate  common  light  when  its  extremitjV 
is  vibrated  vertically,  horizontally,  and  in  all  interme- 
diate positions  in  rapid  succession ;  but  if  we  simply  vi- 
brate it  up  and  down  or  right  and  left,  then  it  imitate^i 
polarized  light.  Polarized  light  is  therefore  caused  by 
vibrations  transverse  to  the  ray,  but  which  are  executed 
in  one  direction  only. 

There  is  a  certain  gem,  the  tourmaline,  which  serv  es 

to  exhibit  the  properties  of  polarized  light.    If  we  ta?ke 

y-vr.  82.  a  thin  plate  of  this  aabstancie, 

c  d,  properly  cut  and  polisheti, 

and  allow  a  ray  of  light,  a  d,. 

Ig.  82,  to  fall  npon  it,  thnt 

y  will  be  freely  transmitted 

through  a  second  plate  if  it  b-a 

held  syrametrically  to  the  first,  as  shown  at  ef;  bat  it" 

we  turn  the  second  plate  a  quarter  round,  as  seen  at  gf/.', 

then  the  light  can  not  pass  through.    The  rays  of  the 

J,    S3  meridian  sun  can  not  pass  through  a 

^  rf     pair  of  crossed  tourmalmes. 

c  nP^^^'tlllJ         "^''^  ''^"^^  "^^  ^^^^  *^  obvious.    If  w-a 

C  Xfr-rT f  take  a  thin  lath  or  strip  of  pasteboard, 

\^U\\\      "'^   c-  d.  Fig.  83,  and  hold  it  before  a  oagvo 

jnjj  or  grate,  a  h,  it  will  readily  slip  throughi 

''  when  its  plane  coincides  with  the  bars  ; 

How  ctin  we  determine,  the  number  of  Tibrntions  of  light  in  a  eec- 
ond?  What  is  tlie  ditfei-ence  betivecn  common  and  polariied  light  O' 
What  are  the  properties  of  the  tourmaline  ?  How  tire  they  jjlns- 
traled  bj  Fig.  83? 
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but  if  we  turn  it  a  quarter  way  rounci,  aa  at  ey,  then,  of 
i;ourse,  it  can  not  pass  the  bars.  Now  the  plate  of 
touvmaline,  Fig.  82,  c  d,  polarizes  the  light,  a  h,  which 
falls  npon  it ;  that  is,  the  waves  that  pass  through  it 
are  all  vibrating  in  one  plane.  They  pass,  therefore, 
readily  through  a  second  plate  of  the  same  kind  so  long 
aa  it  13  held  in  such  a  way  that  its  structure  coincides 
with  that  motion,  but  if  it  be  turned  round  so  as  to 
cross  the  waves,  then  they  are  unable  to  pass  through  it. 

There  are  many  ways  in  which  light  can  be  polarized 
— ^by  reflection,  refraction,  double  lefractiou,  etc.  The 
resulting  motion  impressed  on  the  ether  is  the  same  in 
'all  cases. 

Light  modified  as  just  described  is  designated  plane 
polarized  light,  but  there'  are  other  Tarietiea  of  polariza- 
tion. K  the  end  of  the  rope,  Fig.  76,  be  moved  in  a  cir- 
cle, circular  waves  will  be  produced,  imitating  circularly 
polarized  light,  and  if  it  be  moved  in  an  ellipse,  elliptical 
polarized  light. 

When  a  beam  of  polarized  light  is  transmitted  in  cer- 
itaio  directions  through  plates  of  double-refracting  bod- 
i.es,  splendid  phenomena  of  coloration  are  produced. 
"Plates  of  mica,  selenite,  or  quartz,  cut  in  a  direction 
parallel  to  that  of  the  optic  axis,  cause  the  image  to  as- 
same  a  tint  which  may  be  made  to  vary  by  rotating  the 
analyzing  plate.  If,  instead  of  an  analyzing  plate  in  the 
reflecting  apparatus,  a  crystal  of  calcareous  spar  be  sub- 
stituted, two  images  are  seen,  which  are  tinged  of  com- 
plementary hues  at  all  parts  of  the  revolution.  By 
using  a  plate  cut  from  an  uniaxial  crystal  perpendicular 
to  the  optic  axis,  a  aeries  of  colored  rings,  intersected 
by  a  cross,  will  be  observed.  "With  biaxial  crystals,  a 
double  system  of  colored  rings  is  formed.  In  iincrys- 
tallized  media,  such  as  glass,  which  are  submitted  to 
pressure  or  not  well  annealed,  the  same  phenomena  are 
shown,  and  can  be  varied  by  altering  the  shape  of  the 
piece  used.  • 

The  undulatory  theory  of  light  gives  a  clear  account 
of  the  ordinary  phenomena  of  optics.  The  general  law 
under  which  light  is  reflected  from  polished  surfaces  is 

By  what  means  ean  light  be  polavi2ed?  What  is  cireulav  polar- 
ijed  light?  What  is  ellipticnl  polaiized  light?  How  is  coloration 
produced  in  polaiiaed  liglit?  . 
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ii-  a  direct  consequence  of  it.  That  la'iv  is. 
/a.  that  the  angle  <l  c  i.  Fig.  84,  made  by  tit 
/     reflected  ray  d  c,  with  a  perpendicular,  c  b, 

/       drawn  to  the  point  c,  at  which  the  light 

■'         impinges, is  equal  to  tbe  angle  ach,  which 
the  incident  ray  makes  with  the  eame  per- 

™™''  pendicular,  or,  aa  it  is  briefly  expressed, 
"tlio  angles  of  incidence  and  reflection  are  equal  to  each  . 
other,  and  on  opposite  sides  of  the  pei-pendictilar." 

By  the  aid  of  this  law  we  can  show  tho  action  of  re-- 
flecting  surfaces  of  any  kind,  and  discover  the  propei  •- 
ties  of  plane  and  curved  mirrors,  whether  they  be  con- 
cave or  convex,  spherical,  elliptical,  paraboloidal,  or  an j ' 
other  figure. 

From  the  undulatory  theoiy,  the  law  of  the  refraction 
of  light  also  follows  as  a  necessary  consequence.  It  is, 
"In  every  transparent  substance,  the  sines  of  the  angles 
of  incidence  and  refraction  are  to  each  other  in  a  con- 
stant ratio,"  and  by  the  aid  of  this  law  wo  can  determ- 
ine the  action  of  media  bounded  by  surfaces  of  anj; 
kind,  plane  or  spherical,  concave  or  convex.  It  explains 
the  action  of  lenses,  and  the  coastruction  of  refracting 
telescopes  and  microscopes. 

Sir  Isaac  Newton's  discovery  that  white  light  arises, 
from  the  mixture  of  the  diflferent  colored  rays  in  certain 
proportions  explains  the  cause  of  the  colors  which  trans- 
parent media  often  exhibit.  Thus,  if  glass  be  stained 
with  the  oxide  of  cobalt,  it  allows  a  blue  light  to  pass 
it ;  and  upon  such  principles  the  art  of  painting  on  glass 
depends,  different  colors  being  communicated  by  difler- 
ent  metallic  oxides.  The  canse  of  this  effect  is  readily 
discovered ;  for,  if  we  make  the  light  which  enters  a 
dark  room,  as  in  Fig.  68,  pass  through  such  a  piece  of 
stoned  glass  before  it  goes  through  the  prism,  and  ex- 
amine the  resulting  spectrum,  we  find  that  several  rays 
are  wanting  in  it;  that  the  glass  has  absorbed  or  de- 
tained some,  and  nilowetl  others  to  traverse  it.  A  piece 
of  blue  thus  sufiers  most  of  the  blue  li|ht  to  pass,  but 
stops  the  green,  the  yellow,  etc.  But  it  is  also  to  bo 
observed  that  the  light  which  is  transmitted  by  any  of 
What  is  the  law  of  the  reflection  of  Hght  ?  What  is  the  law  of 
refraction  of  light?  What  is  tho  canse  of  tho  color  of  transparent 
media?    Is  the  light  tiansinitleii  pure? 
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these  colored  media  is  not  pure ;  it  is  contaminated  witli 
other  tints.  The  bine  glass,  for  instance,  does  not  stop 
.all  the  rays  except  the  blue;  it  allows  a  large  portion 

of  the  red  to  pass,  and  hence  the  light  it  transmits  is 

more  or  less  compound. 
The  color  of  an  opaque  object  is  due  to  the  same 

cause,  the  substance  absorbing  the  rays  of  one  or  more 
fiolors  and  reflecting  the  rest.     It  appears  to  be  of  the 

color  that  it  reflects. 


LECTURE  XXII. 

Vboductioh  of  Light. — Professor  J.  TK.  Draper's  Me- 
seardies. — By  Incandescence. — Point  at  which  Hod- 
ies  hecome  Red-hot. — AM  Solids  shine  at  the  same 
Degree. —  Colors  emitted. — Sate  of  Increase  of  In- 
tensity. —  Production  by  Combustion.  —  Nature  of 
Flamea. — By  Phosphorescence. —  Control  o/"  Thnper- 
aiure. — Application  of  the  Theory  of  Undulations. 
A  theohetical  explanation  of  the  chemical  action  of 
iiight  must  depend  on  the  views  entertained  of  the  na- 
'ture  of  that  agent.     In  a  series  of  memoii-s  published  in 
the  London  and  Edinbure  Philosophical  Magazine  be- 
tween 1847  and  1851,  Protessor  Draper  investigated  the 
circumstances  under  which  light  arises  by  artificial  pro- 
cesses.   The  chief  results  obtained  are  as  follows, 

There  are  three  general  processes  by  ■which  light  is 
obtained  artificially:  let.  By  the  ignition  of  bodies;  2d. 
By  their  combustion  or  burning ;  3d.  By  phosphorcs- 

1st.  Of  the  Production  of  Light  by  Ignition.  —  All 
Bolid  substances  shine  when  their  temperature  is  raised 
to  a  certmn  degree.  The  point  at  which  this  occurs 
has  been  variously  estimated.  Sir  Isaac  Newton  places 
it  at  635°,  Davy  at  812°,'W"edgewood  at  947°,  Daniell 
at  980°.  By  inventing  improved  means,  Dr.  Draper 
found  that  for  platinum  it  is  977°,  or,  if  Laplace's  co- 
efficient of  dilatation  be  used  in  the  calculation,  1006°. 

What  is  tlie  cause  of  the  color  of  opnquo  objects?  Hoiv  may 
light  be  obtained  artificially?  Wbat  is  the  tempemtuic  to  which  ii 
Eolid  mnst  be  rained  beforo  it  shines? 
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By  inolosing  a  number  of  different  substances  with  a 
mass  of  platinum  in  a  gun-barrel,  the  teniperatureof 
which  was  gradually  raised,  ifc  was  found,  on  looking, 
down  tbe  barrel,  that  they  all  eomnaenced  to  shine  at 
the  same  moment,  and  this  even  though,  as  in  the  case 
of  lead,  the  melted  condition  had  been  assumed.  Prof. 
Draper  therefore  inferred  that  all  solids  and  liquids  be- 
gin to  shine  at  the  same  degree  of  the  thermometer, 

TK6  color  of  the  light  which  the  ignited  eubstanco 
emits  depends  upon  the  degree  of  heat  to  which  it  Ifj 
exposed.  Malting  due  allowance  for  the  physiologic- al 
imperfections  of  the  eye,  there  can  be  no  doubt  that  th  e 
first  rays  which  appear  are  the  red,  and,  as  the  temper- 
ature is  made  gradually  to  ascend,  the  yellow,  orange;, 
green,  blue,  indigo,  and  violet  are  emitted  in  succession. . 
At  2130°  all  these  colors  are  exhibited,  and  from  their 
commixture  the  aubstanes  appears  white-hot. 

As  the  temperature  of  an  incandescent  body  rises, 
therefore,  it  emits  rays  of  light  of  increasing  refrangi- 
bility. 

By  the  aid  of  the  method  of  extinction  of  shadows,  it 
was  proved  that,  as  the  temperature  of  an  ignited  soll'd 
rises,  the  intensity  of  the  light  increases  very  rapidly . 
For  example,  platinum  at  2600°  emits  almost  fortj' 
times  as  much  light  as  at  1900°,  as  the  following  table- 
shows. 
Intensity  of  Light  emitted  by  Plaiinmn  at  different 
Temperatures. 


IntSEiityofilBLiKht. 

980= 

o.on 

1900= 

0.31 

2016-^ 

0.G3 

3180= 

1.7a 

2345= 

2.93 

3360° 

4.40 

2475° 

7.2i 

2500' 

lS.3i 

From  a  parallel  series  of  espcriments,  in  which  the 

Do  all  solids  shine  at  the  same  temperaturo  ?  Whnt  does  the 
color  of  light  emitted  iiy  nn  ignited  solid  depend  Tipon?  What  is 
the  first  ray  that  appearE?  At  what  temperature  are  all  the  colors 
emitted?  What  is  tlie  relation  beliveen  the  intensitj'  of  the  light 
and  the  temperatnro? 
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J.ieat  radiated  by  tlie  ignited  platinum  was  measnred,  si 
s,  oriking  analogy  between  the  two  agents  appears.  Thus, 
i't'tho  quantity  of  heat  radiated  ty  platinum  at  980°  ba 
'taken  as  unity,  it  Avill  have  increased  at  1440°  to  2.5, 
at  1900*"  to  7.8,  at  2360°  to  17.8  nearly.  Th3  rate  of 
incveaao  is,  therefore,  very  rapid,  as  in  the  preceding 

2d.  Of  the  Production  of  lAght  by  Combustion. — It 
1;  as  been  long  known  tliat  all  common  flames  are  incan- 
ci  escent  shells,  the  interior  of  which  is  dark,  and  it  has 
be  en  supposed  that  there  ai-e  certain  flames  which  emit 
pa.rticnlar  rays  only,  but  an  examination  by  the  prism 
shiowed  that  in  every  flame  every  priamatio  color  is 
fc'und.  The  red  which  burning  cyanogen,  and  the  bine 
\  v'hich  burning  sulphur  emits,  are  compound  colors. 

By  barning  solid  carbon  in  oxygen  gas,  it  appeared 
that  there  ia  a  connection  between  the  refrangibility  of 
the  light  which  a  burning  body  yields  and  the  intensity 
of  the  chemical  action  going  on,  and  that  the  refrangi- 
'diiity  always  increases  as  the  chemicEj  action  incre^es. 

"From  this  it  appears  that  flames,  such  as  those  of 
Ia:mps  and  candles,  consist  of  a  series  of  concentric  and 
di-fferently-colored  shells,  the  most  interior  one  being 
raA,  and  having  a  temperature  of  977°.  Upon  this,  in 
?;ncGession,  are  placed  orange,  yellow,  green,  bine,  incli- 
,go,  and  violet  shells.  The  flame,  looked  at  directly,  ap- 
p. cars  to  yield  white  light  because  of  the  commixture  of 
tinese  rays ;  but,  on  being  submitted  to  the  action  of  a 
prism,  they  are  separated  from  each  other,  and  their  in- 
'ilividoal  existence  proved.  If,  therefore,  wo  conld  iso- 
Jate  a  horizontal  section  of  such  a  flame,  it  would  have 
the  aspect  of  an  iris,  or  rainbow  ring. 

Upon  the  principle  that  the  more  energetic  the  chem- 
ical action  the  higher  the  refrangibility  of  the  light 
e.hiitted,  we  may  explain  without  difficulty  tlie  colors 
\v-hich  different  flames  present.  The  red  tints  predomi- 
I'late  in  tbo  flame  of  burning  cyanogen,  because  in  that 
gas  there  is  an  element  wholly  incombustible,  the  nitro- 

Wlint  nnalof^  wns  eliown  between  heat  and  light  P  'What  is  tho 
rtiolioa  of  a  flfimc?  "Whtit  relation  is  there  l>etiveBn  chemicBl 
n  nnd  refrangibility?  What  is  tlie  color  of  the  interior  of  a 
1?    What  colors  aurround  it?    Why  is  llie  flame  of  cyanogan 
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gen.  Tbia,  as  it  h  set  free,  cuts  off  tho  free  access  of 
the  air,  and  the  burning  goes  on  tardiiy,  veiy  ranch  i  n 
the  same  manner  as  in  an  oil-lamp  to  wliioh  the  air  i.s 
imperfectly  supplied.  On  the  otber  hand,  carbonic  ox- 
ide burns  blue,  because  of  the  small  quantity  of  air  re- 
quired to  cany  it  to  its  maximum  of  oxidation.  The. 
color  of  flames  depends,  therefore,  on  the  completeness.- 
or  incompleteness  of  the  combustion,  this  principle  i-eafd- 
ily  accounting  for  those  owes  in  which  means  are  used 
for  retarding  or  promoting  the  rate  of  burning,  as  wher  e 
an  atmosphere  of  oxygen  is  nsed,  or  air  introduced  into 
the  interior  of  a  flame  by  means  of  a  blowpipe,  l  he 
bright  blue  cone  aiTsing  in  this  latter  instance  being-  a 
sti-iking  indication  of  the  increased  rapidity  of  combi'.s- 
tion. 

There  is,  therefore,  a  direct  connection  between  the 
vehemence  with  which  chemical- affinity  is  satisfied  and 
the  refrangibility  of  the  resnlting  light.  If,  as  there  are 
many  reasons  for  supposing,  all  chemical  changes  are 
attended  by  vibratory  movements  of  the  particles  of  t^W 
bodies  engaged,  it  might  well  be  anticipated  that  thtise 
vibrations  should  increase  in  frequency  as  the  Action  I'le- 
coraes  more  violent;  but  it  is  to  be  remembered  that  an 
increased  frequency  of  vibration  is  the  same  thing  as  e,-.u 
increased  refrangibility. 

3d,  Of  tlie  Production  of  Idghthy  Phosphorescence.— ■ 
All  solid  substances,  except  the  metals,  possess  the  pro})- 
erty  of  shining  after  they  have  been  exposed  to  the  sujii. 
Even  the  hand,  after  being  dipped  in  the  sunshine,  emit  s 
subsequently  light  enough  to  be  visible  in  a  dark  place , 
In  some  the  emct  lasts  but  for  a  moment,  in  others  it  irs 
of  longer  dnration  and  considerable  splendor.  Among 
the  best  phosphori  may  be  mentioned  the  sulphide  of 
barium,  the  sulphide  of  calcium,  cei'tain  varieties  of  fluor 
spar  and  of  diamond.  Phosphorescence  has  generally 
been  regarded  as  unattended  by  the  emission  of  hea.'t. 
It  does  not  require  that  the  exposure  to  light  should  ho 
protracted;  the  flash  of  an  electric  spark  is  sufficient;, 
but  the  phos pi) erogenic  rays  can  not  pass  through  glass  - 

Why  is  tlie  flnmc  of  cnibonic  oxide  blue?  Wlial  does  the  colov.' 
of  a  flamo  depend  on  ?  Why  is  a  blonpipe  flame  biuo  ?  Wliat  snb-  - 
Eiances  are  phosphotescent  ?  Meniion  some  of  the  best  pbosphoti. 
la  phoBphotescenco  attended  by  heat? 
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By  STii table  experimental  arrargements  Professor 
Ui'aper  ascertained  that  the  beat  phosphori,  when  at 
th.eir  maximum  of  glow,  do  not  increase  in  volume  l)y 
s  0  much  as  the  t  ^ i o o  V^^i'f- ',  but  that  there  is  a  niiuute 
fdxpansion  can  not  be  doubted,  since,  when  means  suffi- 
niently  delicate  are  resorted  to,  a  feeble  rise  of  tempera- 
ture can  be  detected.  The  intensity  of  the  light  disen- 
g!.'ged  is  to  some  extent  deceptive ;  for,  by  resorting  to 
tb.e  method  of  the  extinction  of  shadows,  it  was  shown 
tbat  a  fine  specimen  of  cblorophane,  at  its  maximum  of 
biij^btiiess,  yielded  a  light  three  thousand  times  less  in- 
ten  se  than  the  flame  of  a  very  small  oil  lamp. 

TThe  quantity  of  light  a  substance  can  receive,  when 
ex  posed  to  the  sun,  depends  on  the  temperature.  The 
colder  the  phosphorus  is,  the  more  brightly  will  it  sub- 
a  equently  shioe ;  if  kept  hot  during  its  exposure,  it  will 
laot  shine  at  all.  If  a  diamond  placed  upon  ice  be  sub- 
imitted  to  the  san  and  then  brought  into  a  dark  room 
I'he  temperature  of  which  is  60°,  for  a  time  there  is  a 
i^'Ic^w,  but  presently  the  light  declines  and  dies  out.  Let 
tile,  diamond  now  be  put  in  water  at  100° ;  again  it 
shi.nes,  and  again  its  light  dies  away.  If  it  next  be  re- 
moved from  that  water  and  suffered  to  cool,  and  then  be 
re  immersed,  it  will  not  shine  again ;  but  if  the  water  be 
htjated  to  200"  and  the  diamond  be  dropped  into  it, 
ygaiu  it  glows,  and  again  its  light  dies  away.  There 
is  therefore  a  correspondence  between  the  light  disen- 
gtiged  and  the  temperature  applied. 

The  phenomena  of  phosphorescence  may  all  be  ex- 
plained on  the  principles  of  the  theory  of  undulations ; 
for,  from  a  shining  bodj^  undulations  are  propagated  in 
the  ether,  and  these.  Impinging  on  a  phosphorescent  sur- 
face, throw  its  molecules  into  a  vibratory  movement. 
These,  in  their  turn,  impress  on  the  ether  undulations ; 
biLt,  by  reason  of  the  difference  of  its  density  compared 
with  that  of  the  molecules,  they  do  not  lose  their  mo- 
ti  on  at  once,  but  it  continues  for  a  time,  gradually  de- 
c  lining  away,  and  ceasing  when  the  vis  viva  of  the  mol- 
O'enles  is  exhausted. 

We  may  therefore  abandon  expressions  derived  from 

What  effect  haa  temperature  on  phosphorescence  ?  DeGcribo  the 
e  Kperiment  wiih  a  phosphorescent  diamond.  Explniii  phosphor- 
ijsoence  on  the  undulatory  hypothesis. 
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the  materia!  theory  of  light,  each  as  absorption  and  sul  >- 
sequent  emission  of  the  luminous  agent,  and  conchi.ie 
that,  whenever  a  radiation  falls  upon  a  Bitrfaee  of  ai  ly 
kind,  it  throws  the  particles  thereof  into  a  state  of  v:i- 
bratiofl,  as  when'  a  stretched  etriog  is  made  to  vibvatei 
in  sympathy  with  a  distant  musical  sound.  This  view 
includes  at  once  all  the  facts  of  the  radiation  of  heat,  o:  a 
the  dynamical  hypothesis  and  the  theory  of  calorific  e.x- 
changes ;  it  also  offers  an  explanation  of  the  connectic  m 
of  the  atomic  weights  of  bodies  and  their  specific  heaUs, 
It  suggests  that  ail  cases  of  tbe  decomposition  of  C'om- 
poand  molecules  under  the  influence  of  light  are  ow  ing 
to  a  want  of  eonseutaneouanees  in  the  TibratJone  of  i  the 
impinging  ray  and  those  of  the  molecular  gi'oup,  whi<  ih, 
unable  to  maintain  itself,  is  broken  down,  under  the  p'3- 
riodio  impulses  it  is  receiving,  into  other  groups,  whic;b 
can  vibrate  in  unison  with  the  ray. 


LECTURE  XXIIL 
Chemical   Action    of   Light. —  Action   of  Natural 
and  Artiftcial  Idghts. — Preliminary  Aosorption.. — 
Change  in  the  Itay. —  Necessity  of  Aisprption. — 
Spectral  Impressions. — lAghi  causes  Vegetation  by 
its  Yellow  May. — J7ie  Indigo  Say  cletennines  the  Dv- 
rection  of  Growth. — ^ict  of  Amplitude,  M-eqiienoi/, 
and  Direction  of  Zfndulations. 
From  whatever  source  it  may  be  derived,  light  ex- 
erts chemical  action.    The  moonbeams  are  Bufficiertt'y 
intense  to  give  copies  of  that  satellite  on  sensitive  sur- 
§ice8,  as  my  father  found  in  1841.     Recently  I  have  suc- 
ceeded, by  the  aid  of  a  reflecting  telescope  of  15  J  inches 
aperture  which  I  constructed,  in  producing  photographs 
of  that  body  60  inches  in  diameter.    Lamplight  and 
other  artificial  lights  ace  often  peculiarly  energetic. 
These  decomposing  effects  take  place  on  those  portions 
of  the  substance  only  on  which  the  rays  actually  fall. 
TJiere  is  no  lateral  spreading,  nothing  analogons  to  eor.- 
duction. 

When  a  sensitive  substance  receives  light  for  a  shor'i 
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r^pace  of  time  no  change  takes  place,  the  rays  are  being 
ij  otively  absorljed ;  but  as  soon  as  tiiat  preliminary  ab- 
sf jrptiou  is  over  they  act  in  a  manner  ivhich  is  perfectly 
/Jefinite :  if,  for  instance,  it  bo  a  decomposition  that  they 
■ave  bringing  about,  the  amount  of  decomposing  effect 
■  will  be  precisely  proportional  to  the  quantity  of  raja 
s  absorbed. 

When  a  beam  from  any  shining  source  causes  a  de- 
co'inposiug  effect,  it  is  always  itself  disturbed ;  the  me- 
di  lim  which  is  changing  impresses  a  change  in  the  ray. 
Thus,  a  mixture  of  chlorine  and  hydrogen  unites  under 
the  influence  of  a  ray,  but  that  portion  of  the  ray  which 
passes  through  the  mixture  has  lost  the  quality  of  ever 
br  infjing  about  a  like  change  again. 

When  a  beam  from  any  shining  source  fails  on  a 
<:  changeable  medium,  a  portion  of  it  is  absorbed  for  the 
j  purpose  ofeffectin^thcchange,  and  the  residue  is  either 
i  -eflected  or  transmitted,  acd  is  perfectly  inert  as  respects 
I'.he  medium  itself. 

_No  chemical  effect  can  therefore  be  produced  by  rays, 
esrjept  they  be  absorbed.  It  is  for  this  reason  that  wa- 
ter; is  never  decomposed  by  the  sunshine,  nor  oxygen 
an'd  hydrogen  made  to  unite ;  for  these  substances  are 
al.l  transparent,  and  allow  the  rays  to  pass  without  any 
aVjfiorption,  and  absorption  is  absolutely  necessary  before 
t/hemical  action  can  ensue. 

But  with  chlorine  the  case  is  very  different.  This 
substance  exerts  a  powerful  absorbent  action  on  light: 
the. effect  takes  place  on  the  most  refrangible  rays. 
"When  mixed  witli  hydrogen  and  set  in  the  light,  it 
unites  with  a  violent  explosion. 

As  conoected  with  the  minute  changes  of  surface 
which  are  effected  when  the  different  radiant  principles 
fall  upon  bodies,  as  in  the  case  of  photography,  we  may 
all-ude  to  the  formation  of  spectral  impreseione,  which, 
thiough  invisible,  may  be  brought  out  by  proper  pro- 
cesses. Professor  Draper  described  the  following  in- 
s'cance  many  years  ago :  Take  a  piece  of  polished  metal, 
j:':lass,  or  japanned  tin,  the  temperature  of  which  is  low. 

What  is  meant  bj  preliminary  absoi'ption  ?  Wliat  change  is  im- 
l-^vessBd  on  the  ray  ?  Does  tlie  ray  undergo  absorption  ?  Why  do 
1  not  oxygen  ancl  hydi'ogen  unite  in  the  Bnnshine  ?  Why  do  chlovine 
•  iad  hydrogen  unite?    What  are  apectriJ  impressions? 
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aud,  iiavjng  laid  upon  it  a  wafer,  coin,  or  any  other  suet  t 
object,  breathe  upon  the  surface  and  allow  the  bveat^a 
entirely  to  disappear;  then  toss  the  object  off  the  suir- 
face  and  examine  it  minutely.  No  trace  of  any  thinj^t 
is  visible,  yet  a  spectral  impression  exists  on  that  Bur  - 
face,  which  may  be  evoked  by  breathing  upon  it.  ^i 
form  resembling  the  object  at  once  appears ;  and  ivha  t 
is  very  remarkable,  it  may  be  called  forth  many  tim.es 
in  succession,  and  even  at  the  end  of  many  montl  is. 
Other  instancoa  of  the  kind  have  subsequently  been  die- 
scribed  by  M.  Moser. 

Light  exerts  no  ordinary  control  over  the  phenora  ena 
of  the  natural  world.  Thus  it  is  to  its  influence  that  the 
vegetable  world  owes  its  existence ;  for  plants  can  omly 
obtain  carbon  from  the^ir  while  the  sun  is  sbming  on 
them,  and  it  is  of  that  carbon  that  their  solid  Etructure  s 
are  chiefly  formed.  It  has  been  a  question  to  which  ray 
this  effect  is  due,  but  in  1843  Professor  Draper  provetl 
that  it  is  the  yellow  light  which  is  involved.  Dr.  Priest  - 
ley  discovered  that  the  leaves  of  plants  will  effect  xhfi 
decomposition  of  carbonic  acid  gas  under  water;  and, 
on  immersing  tubes  filled  with  water  holding  this  j;as 
in  solution,  and  containing  a  few  green  leaves,  Profesyor 
Draper  found  that  at  the  blue  extremity  of  the  spectru.m 
no  effect  whatever  took  place,  while  decomposition  we.it 
on  rapidly  in  the  yellow  ray.  Dr.  Gardner  showed,  how- 
ever, that  the  mora  refrangible  rays  have  the  power  o  f 
influencing  the  direction  of  growth  of  plants ;  turni  p- 
seeds  which  had  germinated  in  the  dark,  when  placdd 
in  the  solar  spectrum,  leaning  toward  the  indigo  regicm. 

On  the  Chemical  Action  op  Light. 
In  considering  the  action  of  a  ray  of  light  upon  a  de- 
composable body,  there  are  three  different  points  to  be 
discussed,  so  far  as  the  ray  itself  is  concerned;  1st.  To 
what  extent  and  in  what  manner  is  the  result  affecttid 
by  the  intensity  of  the  ray — that  is,  by  the  amplitude 
of  the  vibrating  excursions;  2d.  How  is  it  affected  b;y 
the  frequency  of  the  pulsatory  impressions?     3d.  Hovi" 

What  effect  has  light  in  tho  natural  world?  Hoir  did  Professor 
Draper  show  the  function  of  the  yellow  rny?  Whitt  ioflaence  ha'd 
the  indigo  ray  on  plants?  What  points  have  to  be  considered  io. 
examining  tha  action  of  a  ray  ? 
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by  the  direction  in  wJiicli  the  vibrations  are  made,  aa  in- 
y.filved  in  the  idea  of  polarization  ? 

1st.  By  means  of  burning  lonsea  Professor  Draper 
fouud  that  it  is  not  the  intensity  of  a  beam  which  de- 
■,',ormiues  its  decotnposing  power,  aiid  that  we  can  not 
{,>roduce  greater  effects  by  concentrated  light,  tl»an  wo 
c;aD  by  the  application  of  the  simple  sunbeam  continued 
i'oj-  aa  equivalent  period  of  time.  Nor  can  such  optical 
contrivances  effect  the  decomposition  of  substances  ou 
^v"^  ch  a  feeble  beam  has  no  action, 

■2  d.  Rays  of  the  highest  refrangibility,  and  therefore 
of  lihe  most  frequent  vibration,  commonly  have  the 
greatest  activity.  On  the  number  of  impulses  a  ray  can 
co'inmunicate  in  a  given  period  of  time  depends  its  pow- 
er, of  destroying  the  constitntion  of  any  group  of  atoms ; 
a'nd  the  phenomena  of  interference  arising  from  the  su- 
p  crposition  of  wave  motions  occur  exactly  aa  might 
h:avo  been  predicted. 

3d.  The  direction  of  wave  motion,  as  involved  in  the 
i  floii  of  polarization,  whether  plane  or  circular,  seems  to 
exert  no  effect. 


LECTURE  XXIV. 
P'lioTOGEAPHT. —  Origin  of. — Daguerre  and  Talbot. — 
2%e  Daguerreotype. — Prof.  Draper Jint  takes  Por- 
traits from  JAfe.  —  Tlie  Collodion  Process.  —  Kega- 
'iives  and  Positives. — The  Albtanen  Paper  Process. — 
Toning  and  Permanency. — Dn/  Collodion  Processes. 
— Formulas  for  Collodion,  the  Nitrate  Bath,  Devel- 
oping Solution,  Fixing  Solution. 
Photogiuphy,  literally,  writing  by  light,  is  a  crea- 
tio  n  of  the  present  century,  although  many  facts  that 
might  have  led  to  its  cultivation  were  known  in  the 
M.'iddle  Ages.    The  first  germ  is  to  be  found  in  obaerv- 
aliions  on  the  darkening  of  the  chloride  of  silver  by  the 
sunlight;   and  the  first  photographs,  truly  speaking, 

What  effect  has  tlio  intensity  of  the  ray?  Which  rays  have  the 
:  greatest  decomposing  power?  What  is  (he  effect  of  polarization  in 
■Jccompositions?  Wliat  is  the  meaning  of  the  term  Photography? 
■•What  are  sonio  of  the  early  facts  in  photography  ? 
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were  those  made  by  "Wedge wood,  who  exposed  leathei  ? 
soaked  in  nitrate  of  silver  to  the  sun  under  the  slide  rii' 
a  magic  lantern.  In  1835  Prof,  Draper  itsed  bromide 
of  silver  and  other  sensitive  compounds  for  investig;  i- 
ting  the  solar  spectrum. 

la  1839  Daguerre  announced  the  discovery  of  ;^ 
means  of  fixing  the  images  of  the  camera  obscura,  an  d 
about  the  same  time  Talbot,  in  England,  did  the  sam^e. 
The  process  of  the  former,  known  as  the  daguerreoty^pe, 
involves  the  use  of  a  silver-plated  sheet  of  cop-'jr, 
which.  Laving  been  carefully  cleaned  with  rotten-st  one 
and  a  buff,  is  exposed  to  the  vapora  of  iodine.  It  be- 
comes tinged  yellow,  red,  blue,  gi'ay,  depending  on  the 
time  of  the  exposure  to  the  vapor,  but  is  most  sensiti-ve 
when  yellow.  la  that  condition  it  is  exposed  in  t-he 
camera  obscura  to  the  image  of  some  object,  being  cario- 
fitlly  preser\-ed  from  extraneous  light.  The  latent  in-i- 
age  has  then  to  be  developed  by  the  ^d  of  vapor  o.f 
mercury  rising  from  a  portion  of  that  metal  heated  t  o 
170°.  In  about  four  minutes  the  image  is  fully  brougWi 
oat,  if  the  camera  exposure  has  been  sufficient,  and  :it  is 
then  only  necessary  to  dissolve  away  the  remainder  of 
the  film  of  iodide  of  silver  to  prevent  faithev  change.. 

The  process  of  Daguerre  was  very  sluggish,  and  was 
generally  regarded  as  only  suitable  to  the  reproducti,on 
of  still  objects;  but  soon  after  its  publication  Pre  if. 
Draper  succeeded  in  taking  portraits  irom  life,  and  a:e- 
rived  at  such  a  degi-ee  of  excellence  at  once  that  tho-se 
pictures  have  scarcely  been  sui'passed  since. 

The  great  subsequent  improvements  of  tlio  process 
ivere  the  discovery  of  the  use  of  bromine  as  an  aceeld"- 
ating  agent,  and  that  of  the  process  of  gilding,  for  fix- 
ing the  image  by  covering  it  with  an  extremely  thir.' 
film  of  ^old,  deposited  from  a  solution  of  the  ohloi.-ide 
of  gold  in  hyposulphite  of  soda. 

.  The  daguerreotype  image  consists  in  the  whites  of '.an 
amalgam  of  silver,  and  in  the  dark  parts  of  the  vm- 
changed  silver.  Prof  Draper  showed  that  this  amiil- 
gam  presents  a  dotted  or  stippled  an-angement,  ar.d 

Describe  the  dagnen-eoljpe  process.  Who  took  the  first  portrait:' 
from  life?  State  some  of  the  BHbsequent  i m prove mnnts  in  tiie  da-, 
guerreotype  pvooess.  What  is  tho  nature  of  the  doguerceotypt^ 
image  ? 
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may  be  copied  by  isinglass,  and  the  original  in  this  way 
produced. 


1  use,  ex- 
cept for  enlarged  pictures  on  paper,  being  entirely  su- 
perseded by  the  Collodion  process.  This  process,  in- 
i/ented  by  Scott  Archer,  depends  on  the  fact  that  gun- 
cotton,  or  pyroxyline,  is  soluble  in  alcohol  and  ether, 
acid  affords,  on  drying,  a  dear  and  tenacious  film.  Such 
collodion,  containing  some  soluble  iodide  or  bromide, 
ov  both,  is  poured  on  a  clean  glass  plate,  and,  when  set, 
is  immersed  in  a  bath  of  nitrate  of  silver,  which  changes 
the,  iodide  and  bromide  into  iodide  and  bromide  of  sil- 
vei?.  In  this  state  it  ia  exposeS  to  light,  and,  after  a 
sii  iScient  lapse  of  time,  the  invisible  image  is  developed 
b;y  pouring  over  the  plate  a  solution  of  pyrogallic  acid, 
c  ir  proto sulphate  of  iron,  slightly  acidified.  Thia  causes 
!  I  reduction  of  metallic  silver  in  the  black  state  on  all 
1  ,hose  parts  ■which  have  received  tho  impression  of  light, 
tJhe  amount  of  deposit  being  greater  as  the  light  was 

.'After  washing  in  water,  tho  plate  is  soaked  in  hypo- 
sulphite  of  soda,  or  cyanide  of  potassium,  to  get  rid  of 
th'-j  iodide  and  bromide  of  silver,  and  is  then  again 
washed  and  dried.  On  being  varnished,  the  negative 
tliius  produced  may  be  nsed  for  printing  on  paper. 

If  the  exposure  to  light  be  made  shorter,  and  the  de- 
v<-5lopment  not  pushed  so  far,  on  placing  behind  the  re- 
su.lting  picture  a  blackened  surface,  a.  positive  is  seen, 
iu  which  the  lights  and  shades  are  not  reversed,  as  iu 
the  ?ieffative.  very  many  forms  of  these  pictm-es  are 
p-rodnced,  and  many  names,  as  ambrotype,  melainotype, 
have  been  introduced  to  distingniah  them. 

The  great  superiority  of  the  collodion  process  results 
from  the  fact  that  negatives  can  be  used  to  multiply  in- 
definitely copies  of  the  original.  The  albumen  process 
ou  paper,  by  means  of  which  this  multiplication  is  ef- 
fe'jted,  is  conducted  as  follows. 

A  sheet  of  paper,  which  is  free  from  metallic  grains 
or.'  other  impurities,  is  floated  on  the  surface  of  a  bath 
1  ■.onsisting  of  albumen  that  has  been  thoroughly  beaten 

Dcacribe  the  collodion  process.  Why  is  the  collodion  plate  floaked 
-  Ill  hyposulphite  of  soda?  What  is  the  diffevence  between  apoalive 
■■  and  a  negative  f    Describe  the  aihnmen  process  on  paper. 
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up  and  filtered,  containing  chloride  of  ammoniura. 
After  the  paper  has  dried,  it  is  floated  in  a  strong  solu  - 
tion  of  citrate  of  silver,  which  causes  the  production  of  ' 
chloride  of  silver,  and  coagulates  the  albumen.  A?; 
soon  as  dry,  the  paper  is  exposed  behind  a  negative  to 
either  sunlight  or  daylight.  The  operator  judges  of  the '. 
time  required  by  the  darkness  of  tint  assumed  by  tht  i 
chloride.  The  paper  has  nest  to  bo  soaked  in  watc  r, 
and  then  toned 

The  object  of  the  tonlEg  operation  is  to  replace  S.h  o 
reduced  silver  by  gold,  ana  thereby  change  the  redd'.sh 
color  of  the  print  to  a  shade  either  of  purple,  brown,  or 
Hack.  The  toning-bath  inay  be  composed  of  many  i/a- 
rioas  substances;  one  of  the  best,  however,  is  a  sol  a- 
tion  of  chloride  of  gold,  rendered  neutral  by  carbonati') 
of  lime,  and  containing  a  small  qnantity  of  chloride  of 
lime.  This  rapidly  produces  a  beautilul  color,  and  is' 
the  one  used  by  iho  author  in  taking  his  photographs: 
of  the  moon. 

The  next  step  is  to  remove  the  supei-fluoua  chloride 
of  silver  by  the  aid  of  hyposulphite  of  soda,  and  after- 
wardto  submit  the  proof  to  a  current  of  water  to  efft!Ct 
the  removal  of  the  hyposulphite,  which,  if  allowed  to  ire- 
main,  would  infallibly  cause  it  to  turn  yellow  and  fa^de 
away. 

The  permanency  of  paper  positives  depends  on  tb'O 
thoronghoees  of  tho  toning  operation, the  gold  substi- 
tuted for  silver  not  being  liable  to  sulphuvization.  Tlie 
early  photographs,  which  have,  in  the  last  ten  years,  t'o 
nearly  passed  away  altogether,  were  toned  by  a  bath  o  f 
hyposulphite  of  soda  and  chloride  of  gold ;  and  althoug'ii 
their  tints  were  very  beautiful  in  the  first  instance,  ye.*-, 
owing  to  the  sulphide  of  silver  that  entered  into  them, 
they  could  not  be  permanent. 

The  collodion  and  paper  processes  have  undergon  e  a 
gi-eat  number  of  modifications,  in  order  to  adapt  them 
to  special  purposes.  Dry  plate  photography,  for  cxain- 
ple,  involves  a  method  of  retaining  the  sensitiveness  o  f 
a  collodion  film,  though  the  excess  of  nitrate  of  silvf  r 
that  in  the  wet  process  is  upon  the  plate  be  washed  ofE 
The  desired  result  is  usually  accomplished  by  flowing 

What  is  toning  ?  What  inflnencea  tho  permanence  of  paper  pie- 
tures  ?    Deecribe  tlie  process  of  drj  plate  photography. 
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v.ipon  the  collodion  film,  after  it  has  been  taken  from  the 
t  litrate  of  silver  bath  and  washed,  a  preservative  solu- 
iiion  of  tannin,  malt,  or  some  similar  substance,  which 
permits  the  film  to  be  subsequently  permeated  by  water 
during  its  development.  These  dry  processes  are  of 
groat  convenience  to  the  landscape  photographer,  and 
■liave  led  to  many  ingenious  forms  of  apparatus  for  car- 
v^ying  the  plates  and  introducing  them  into  the  camera 
c^bscura. 
The  foIIowiDg  formulas  are  in  common  use : 

Composition  of  Iodized  Collodion. 
Ether  i  onnces  (fluia). 

Alcohol  i  ounces. 

Pjroxyhne  30  to  60  grains, 

ludide  of  Cfldmiom  GO  griiiilB. 

Biomide  of  Cadminm  G  grains. 

The  nitiate  of  silver  bath  foi  negatnesis  merely  a  eo- 
^lution  in  water  of  40  gi-ains  to  the  ounce. 

Dpvd&iiwg  Solution 


Pratosulphate  of  Iron 
Acetic  AciJ  No  'i 
Alcohol. . 
Water.... 

4  ounces 
3  ounces 
40  onnce'- 

Oi, 
Pjrogallic  Acid 
Alcohol.. 

Acetic  Acid,  No  & 
Water.... 

H  grains 
1  drachm 
1  drachm 
X  onace 

Fixmg  Solutio 

il 

Cyanide  cfPotiasinm 
Water.... 

Or, 

Hyposnlpliiteof=!nila 

1  drachm 
4  ounces 

C  ounce- 

What  is  the  use  of  the  tannin  or  wait?  What  are  the  advantages 
i)f  this  process?  Give  the  formnlas  for  iodized  collodion,  Vac  doicl- 
'ciping  fiolution,  the  fixing  solntioii. 
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LECTURE  XXV. 

Electkicity. — 3<'ir&t  Discoveries  in  Electricity. — IjcaS- 
ing  I*henomena. —  Conductors,  N'on-  Condicctors,  an^- 
Insulators. — Two  Minds  of  Electricity,  ViVreous  and. 
Mesinous,  or  Jhsitive  and  Negative. — Law  of  Ele<.-i- 
trical  Attraction  and  Mepulsion. — Plate  Machine  — - 
Cylinder  Machine. — Method  of  Using. — JfwcefcM- 


MoEE  thau  2000  years  ago  it  was  diecovered  tb-at 
when  amber  is  rubbed  it  acqairea  the  property  of  a  t- 
tracting  light  bodies.  This  incident  has  served  to  give 
a  name  to  the  agent  whose  operations  we  have  now  tc 
explain,  which  has  been  called  electricity,  from  rjXeKrpoy, 
amber. 

The  catalogue  of  substances  in  which  electrical  de- 
velopment can  be  produced  was  greatly  increased  by 
Gilbert,  who  showed  that  glass,  resin,  wax,  and  many 
other  bodies  are  equally  effective  as  amber.  They,  too, 
when  rubbed,  can  attract  light  substances,  and,  wh:en 
the  excitement  is.  vigorous,  emit  sparks  like  those  whicrh 
are  seen  when  the  back  of  a  cat  is  rubbed  on  a  frost^y 
night. 

If  a  piece  of  brown  paper  be  thoroughly  dried  at  thcj 
fire  until  it  begins  to  smoke,  and  then  rubbed  betwee.o 
woolen  surfaces,  it  will  emit  sparls  on  the  approach  o.f 
the  finger,  attract  pieces  of  paper  and  then  repel  them . 
This  latter  phenomenon  is  not,  however,  pecaliar  to  it, 
but  is  noticed  in  the  case  of  all  highly-excited  bodies- 
Electrified  bodies  therefore  exhibit  repulsions  as  well  as 
attractions. 

Let  there  be  taken  a  glass  tube,  a  5,  -f*^.  85,  an  in  cb 
Fia.ss.  in  diameter  and  a  foot   ^or 

^ ^^^  more    long,   closed    at  tt.e 

r^"  '""''  end  6  by  means  of  a  cork., 

into  which  there  is  inserted  a  wire  with  a  round  bail,  c- 
If  ibo  tube  be  excited  by  rubbing  with  a  piece  of  dry 

From  what  fact  does  the  terra  electricity  oripinatc  ?    IVhat  occurs 
when  glass,  resin,  etc.,  are  rubbed  ?    What  pi: 
hibited  by  brown  paper  ?    Describe  Mg. "' 
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Kilk,  it  may  be  shown,  that  not  only  doea  the  space  rub- 
bed possess  the  powers  of  attraction  and  repulsion,  but 
also  the  cork  and  the  ball.  Nor  does  it  matter  how 
long  the  wire  may  be;  tlie  electric  power  is  transmit- 
ted through'  the  whole  of  the  metal.  A  raetal,  there- 
fore, can  conduct  electricity. 

But  if,  instead  of  a  piece  of  metal,  we  terminate  the 
glass  tube  with  a  rod  of  glass  or  sealing-wax,  or  hang 
,a  ball  to  it  by  a  thread  of  silk,  in  al!  these  cases  the 
-eieetric  power  cao  not  pass.  Such  substances  are  there- 
fcfve  non-conductors  of  electricity.  The  important  fact, 
tli.at  all  substances  may  bo  divided  into  two  classes,  con- 
d  uctore  and  nan-couductora,  was  fti-at  accidentally  dia- 
(iovered  by  Mr.  Grey,  who  found  that  all  metals  and 
moist  bodies  are  conductors,  and  that  glass,  resins,  wax, 
sulphur,  atmospheric  air,  are  non-eonductors.  The  fol- 
lowing table  exhibits  the  relation  of  bodies  in  this  re- 
spect. The  nearer  the  substance  is  to  the  bottom  of  the 
table,  the  better  is  its  conducting  power. 

JVbn- Conductors . 


Dry  Gases  and  Dry  Sleam. 

Shellac. 

Sulphur. 

EesinB.  „  ,.      c  .  .. 

Gutta  Pereba  and  Caoutfliouc,     ^1';^°  Solutions. 
Diamond. 


Siring  and  Tpgctablo  Fibi'Ss 
Moist  Animal  Substances. 
Water. 


Diy  Fur. 


Hrelted  Salts. 
I'lambUKO- 
Churcoal. 
j^^-  All  tlie  Metals. 

Co9iduc(ors. 
When  electricity  is  communicated  to  a  body  which 
is  supported  on  any  of  these  non-conducting  substances, 
its  escape  is  cut  off,  and  the  body  is  said  to  be  instt- 
kUed. 

To  Otto  Guericke,  who  was  also  the  inventor  of  the 
tiir-pump,  we  owe  another  of  the  most  important  dis- 
coveries in  electricity,  that  bodies  which  have  touched 
an  excited  substance  are  subsequently  repelled  by  it. 
Thus,  if  we  rub  a  glass  tube,  a,  i%.  86,  until  it  becomes 
electrified,  and  then  present  to  it  a  feather,  b,  suspended 
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by  a  silk  thread  to  a  stand,  c,  the  feather  is 
at  first  attracted,  aud  then  immediately  re- 
pelled. 

A  very  celebrated  French  electrician,  Du- 
fay,  having  caused  a  light,  downy  feather  to 
be  repelled  by  an  excited  glass  tube,  intend- 
'  ed  to  amuse  himself  by  chasing  it  round  the 
room  with  a  piece  of  excited  sealing-wax.. 
To  his  surprise,  instead  of  being  repelled,  the  feather 
was  at  once  attracted.  On  examining  the  cause  of  this" 
more  minutely,  he  arrived  at  the  conclusion  that  the're 
are  two  species  of  electricity,  the  one  originating  wh,i?ii 
glass  is  excited,  and  tlie  other  from  resin  or  wax.  To 
Biese  he  gave  the  names  of  vitreous  and  resinous  elec  - 
tricity,  thus  pointing  out  their  origin.  They  are  also 
called  poative  aud  negative  electricities. 

He  found  that  these  different  electricities  possess  the 
same  general  physical  qualities :  they  are  self-repulsive, 
bat  the  one  is  attractive  of  the  other.  This  ia  readily 
proved  by  hanging  a  feather  by  a  linen  thread  to  tlie 
prime  conductor  of  the  electrical  machine,  and,  when  it 
IS  excited,  bringing  near  to  it  an  excited  glass  tube. 
The  feather  is  already  vitreously  electrified,  and  thii 
tube,  being  in  the  same  condition,  at  once  repels  it.. 
But  a  stick  of  excited  sealing-wax,  being  resinously 
electrified,  that  is  to  say,  in  the  opposite  condition  to 
the  feather,  at  once  attracts  it. 

These  various  results  may  all  be  grouped  under  the^ 
following  general  law,  which  includes  the  explanation 
of  a  great  many  electrical  phenomena.  Bodies  electri- 
fied dissimilarly  attract,  and  bodies  electrified  similar- 
ly repel.     I/ike  electricities  r^el,  vnliJce  ones  attract. 

For  the  sake  of  observing  electrical  phenomena  more 
readily,  instruments  have  been  invented  called  electrical 
machines.  They  are  of  two  kinds,  the  plate  machin-e 
and  the  cylinder.  They  derive  their  names  from  th.e 
shape  of  the  glass  employed  to  yield  the  electricity . 
The  plate  machine,  Fig.  87,  consists  of  a  circular  plate 
of  glass,  a  a,  which  can  be  turned  upon  an  axis,  b,  by 

Describe  Fig.  86.  Desciibo  Dufaj's  discovery.  What  conclu- 
^on  did  Dnfay  avrivo  at?    What  is  the  difference  between  t' 

and  iTssinoua  elaclrieity?    What  is  the  general  law  of  at' * 

repnlsion  ?    Describe  the  plate  machine. 
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means  of  a  wincli,  <  _ 

•pair   of  rubbers,  ivhich   ■ 

,pvos3  the  glass  between  them, 

Mud  a  piece  of  oiled  silk  ex- 

I'jends  over  the  glass  plate,  as 

p.hown  at  e.     In  the  same  man- 

/ler,  ontbe  opposite  side  of  the 

plate,  there  is  another  pair  of 

1-  libbers,  d,  and  an  oiled  silk,  e; 

yjstbe  prime  conductor,  which 

gathers  the   electricity  as  the 

pla'ie  revolves.   It  raust  be  eup- 

ptjrted  on  an  insulated  stem. 

The  cylinder  machine  is  represented  i 

c  otisists  of  a  glass  cylin- 

Tder,  a  a,  so  arranged  that 
it  can  be  turned  on  its 

.axis  by  the  multiplying 
wheel  S  J.    The  rubber 

Ibears   against  the  glass 

oi)(  the   opposite  side  to  Im 

tKat  seen  in  the  "- " 

ar.id  the  oiled  silk  is 

a't  c;  d  ia  the  prime  con- 

('luctor,  usually  a  cylinder 

i.vith  rounded  ends,  made  of  thin  brass,  and  e  its  i 

I.'.ating  support. 

Of  these  machines  the  plate  is  commonly  the  most 

;powei-ful.  It  ia  more  liable  to  be  broken  than  the  cyl- 
inder, from  the  disadvantageous  way  in  which  the  pow- 
er to  turn  it  round  is  applied. 

To  bring  an  electrical  machine  into  activity,  it  must 
be  thoroughly  dried,  but  a  plate  machine  should  never 
be  set  before  the  fire  to  warm,  or  it  will  almost  certain- 
ly crack.  The  rubbers  are  to  be  spread  over  with  a 
lif.tle  Mosaic  gold  or  amalgam  of  zinc,  and  the  stem  of 
t  he  conductor  made  dry.  If  the  rubbers  of  tlie  machine 
;jre  not  in  connection  with  the  gi-ound,  there  must  be  a 
chain  iiung  from  them  to  reacli  the  table.  Then,  when 
tiie  instrument  is  in  activity,  on  presenting  the  finger 
Desciibc  the  cylinder  machme.  Which  is  the  best?  How  is  an 
eleclricnl  machine  prepared  for  action  ?  What  occurs  on  presenting 
the  finger  a>  tlie  pvime  condnctor  ? 
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to  the  prime  conductor,  a  succession  of  sparks  is  etnii't- 
ted,  attended  by  a  craclding  sound. 

A  great  many  beautiful  experiments  may  be  made  b-  j 
the  aid  of  this  machine.  They  are,  for  the  most  part,-, 
illustrations  of  the  luminous  effect  of  the  spark,  attrac  - 
tions  and  repulsions,  and  certain  physiological  results-, 
as  the  electrical  shock. 

If  small  pieces  of  tin-foil  be  pasted  round  a  glass  tuVi'e 
i^i;.3o.  in  a   spiral  form,  as  shown  i.ii 

^BAv';y\j\/yyy^  Fig.  89,  a  b  e,  distances  of  tV^e 
1  *  c    twentieth  of  an  inch  interv  en- 

ing  between,  and  the  ends  of  the  tube  terminated'  by 
balls,  on  presenting  one  of  these  balls  to  the  prime  ccn- 
duetor,  and  holding  the  other  in  the  hand,  as  the  spa  rk 
passes  it  has  to  leap  over  each  interstice  between  tb.e 
spangles  of  tin-foil,  and  exhibits  a  beautiful  spiral  lints 
of  light. 

_p,-j,  do  By  pasting  the  tin-foil  on  n 

,  pane  of  glass  in  such  a  way 

I  as  to  direct  the  spark  pr()^> 

j  erly,  words  may  be  writt^en 

'  1  electric  light,  as  shown  in 

Fig.  90. 

As  the  electric  spark  can  not  be  confounded  wivh 

any  other  physical  phenomenon  whatever,  its  presenc  e 

Fin.  51.  i^  always  indubitable  evidence  off 

electric  excitement.    Thus  \v&  caM 

e  that  electricity  may  be  trauE^- 

ferred  to  the  human  body  from  thtJ 

*  machine  by  placing  a  man  on  a  stool" 

supported  by  glass  pillars.  Fig.  91 . 

If  he  touches  tbe  prime  conductor  with  one  hand,  sparks.' 

may  be  drawn  from  any  part  of  his  clothing  or  body. 
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LECTURE  XXVI, 

'Theoet  of  Electrical  Induction.  —  Fhenoraena  o/" 

Induction. — Ind^mdent^  Shape. — Permanent  Mc- 

citement  hy  Induction. — Takes  place  through  Glass. 

— Eaperimenta  illustrative  oj' Attraction  and  Hepiil- 

sion,  and  Induction. — Medicated  Tubes. 

■  Thbee  are  many  -ways  in  which  electrical  excitement 

can  be  developed.    In  the  common  machine  it  is  hy 

fvlc^don ;  in  the  tourmaline,  a  crystalliaed  gem,  by  heat ; 

arid  in  other  eases  hy  chemical  action,  and  by  condua 

ti'on.    Electrical  disturbance  also  very  often  arises  from 

ii  iduetion. 

By  the  term  electrical  inckietion,  we  mean  that  a  body 
which  is  already  excited  tends  to  disturb  the  condition 
lof  others  in  its  neighborhood,  indncicg  iu  them  an  elec- 
trical condition. 

Thns,  let  a,  Fig.  92,  be  the  terminal  ball  of  the  prime 
co.nductor,  and  a  few  inches  Fig.si. 

ofi  let  there  be  placed  a  sec- 
O'.idary    conductor,   b   c,   of 

b  rass,  supported  on  a  glass  q 

s  wnd,  and  at  each  extremity, 

i'l  and  e,  of  the  conductor,  let 

there  be  arranged  a  pair  of 

c  ork  balls,  suspended  by  linen 

l.hreads,  aa  shown  in  the  figure.    As  soon  as  the  ball  a 

is  electrified  by  turning  the  machine,  and  ^¥ithout  any 

f.park  passing  from  it  to  the  secondary  conductor,  the 

'balls  will  begin  to  diverge,  showing  that  the  condition 

of  that  conductor  is  disturbed  by  the  neighborhood  of 

the  excited  ball,  a. 

It  will  farther  be  fonnd,  on  presenting  an  excited  piece 
of.  sealing-wax  to  the  pairs  of  cork  balls,  that  one  set  is 
a  ttracted  and  the  other  repelled.  They  are  therefore  in 
Opposite  electrical  states.  The  disturbing  ball  is  vitre- 
ously  electrified,  and  that  end  of  the  secondary  conduct- 
or nearest  it  is  resinous,  the  farther  end  being  vitreous. 


How  miiy  electrical  excitement  bo  produced?  What  is  meant  by 
electrical  indnction  ?  Describe  Fig.  33.  What  occurs  to  the  halla 
on  the  secondary  conductor? 


Hc^i^db,  Google 


130  ELECTRICAL  INDUCTION, 

If  the  iJisturbing  ball  a  he  now  removed,  the  electrii'^ 
disturbance  ceases  and  the  corks  no  longer  diverge. 

The  phenomena  of  electrical  induction  are  not  depend  . 

ent  on  the  shape  of  bodies.    Let  there  be  two  flat  cir  - 

Fij.  (13.        ''"'^'■'  plates,  a  h.  Fig.  93,  supported  or.  i 

6 1  i*     glass  stands,  and  Bet  a  few  inches  apart ., 

I_     +1*    looking  face  to  face.    Let  one  of  them,  ei, 

I         H    ^s  electrified  positively  by  contact  wir,ii 

I  I       the  pume  conductor,  as  indicated  by  tt  lo 

Mgn  +     It  immediately  induces  a  chaiiye 

m  the  opposite  plate,  the  nearest  face    of 

'  w  hich  becomes  negative,  — ,  and  the  n.'ore 

diatiut  posiin  e     It  i'^  evident  that  this  disturbance  is 

a  consequence  of  the  law  that  "like  electricities  repiel, 

and  unlike  ones  attiact."    In  the  plate  h  both  specios 

of  electricity  exist ,  and  a,  being  made  positive,  evei  i 

though  at  1  distince,  exerts  its  attractive  and  repulsive- 

^encie?  on  the  electric  fluid  of  5,  the  negative  electrici".- 

ty  of  which  It  attracts  and  draws  near  to  it,  the  positiv.9 

it  repels  and  drives  to  the  farthest  side ;  so  that  the  A'lii- 

turbed  condition  of  the  body  5  is  a  result  of  the  f'jct 

that  a,  being  electrified  positively,  "will  ropel  positi've 

electricity  and  attract  negative. 

Now  let  the  plate  b  be  touched  by  the  finger,  or  s. 
channel  of  communication  opened  with  the  earth ;  tl  lo 
positive  electricity  of  a,  still  exerting  its  repulsive  agei.i- 
cy  on  that  of  6,  will  drive  it  into  the  ground,  and  6  w-^ll 
now  become  negative  all  over. 

Let  S  be  once  more  insulated  by  breaking  its  commi  i- 

nicatioii  with  the  gi-ouud,  and  let  a  be  removed  ;  it  wiM 

now  be  found  that  b  is  permanently  electrified,  and  Jin 

the  opposite  condition  to  a. 

Fig.  Bi.         By  manipulating  in  this  manner,  -we  can 

therefore  effect  a  permanent  disturbance  in 

\  the  condition  of  an  insulated  body  by  brlLng- 

Q  excited  one  in  its  neighborhood. 

these  changes  the  intervention  of  a  pie'oe 

of  glass  makes  no  difference.    Let  a  circula.r 

plate  of  glass,  a,  Fig.  94,  be  set  so  as  to  in-' 

tervene  between  the  metallic  plates  a  and  5 , 

What  ig  their  electrical  Btnle  respectivelj  ?  Does  the  shape  of  u 
holly  influence  induction?  Describe  Fiy.  93,  and  its  method  of  ac- 
tion.    How  may  the  plate  h  be  permanently  electrified  7 
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aiiid  still  all  the  phenomena  occur  as  before     Electrical 
jjiduction,  therefore,  can  take  place  thtough  gUss. 

On  the  principles  of  induction,  and  ot  electrical  at- 
traction and  repalsioo,  many  interesting  experiments 
tffiay  be  explained.  The  following  may  bei\<i  as  exam- 
ples :  To  the  ball  of  the  prime  conductoi  let  there  be 
stispendedacircalarplate  of  brasi, «,  .Pj^  95,  six  inches 
in  diameter;  horizontally  and  beneath  it  let  jvj.oi 
there  be  another  plate,  6,  supported  ou  a  cor  " 

d'(.oting  foot  parallel  and  at  a  distance  of  thre 
or  four  inches.  On  the  lower  plate  b  plac 
slips  of  paper  or  other  light  substance,  cut  into  ^ 
thii  figure  of  men  or  animals.  On  setting  the 
machine  in  motion  so  as  to  electrify  the  nppei 
p'iate,  the  objects  move  up  and  down  with  si 
'dancing  motion.  The  cause  ia  obvious:  the*  _ 
_  ilate  a,  being  positive,  repels  by  induction  the  positive 
e'lectrieity  ot  the  figures  through  the  conducting  stand 
i.nto  the  earth,  and  they  thus,  being  rendered  negative, 
arc  attracted  by  the  upper  plate.  On  touching  it  they 
bef.ome  electrified  positively  like  it,  and  then  are  repel- 
!ecl,  and  fall  down  to  discbarge  their  electricity  into  the 
gr.ound,  and  this  motion  is  continuallyrepeated. 

Upon  a  horizontal  brass  bar,  a  b,  Mg.  96,  three  bells 
a  re  suspended,  the  outer  ones  at  a 
a  nd  b  by  chains,  the  middle  one  at  c 
b  y  a  silk  thread.     Between  the  bells   ' 
tl.io  metallic  clappers  d  and  e  a 
p. ended  by  silk,  and  from  the  centre 
il^ell  the  chain  y  extends  to  the  table.  * 
C)n  hanging  the  aiTangement,  by  the 
?iiook  at  g,  to  the  excited  prime  conductor 
tJiG  clappers  moving  from  the  out- 
er fto  the  central  bell  and  back, 
a]t.ernately  striking  tbem. 

On  a  pivot,  a.  Fig.  97,  sui  ^ 
a  bell  jar  having  four  pieces  of 
t'.in-foil  pasted  on  its  sides  b  c  d. 
'  Connect  the  jar,  by  means  of  the  j 

)■  Hsulated  wire  y,  with  the  _____^ 

What  effect  liaa  the  iiiteiTcntion  of  gins?  ?  Desoribo  the  daQcing 
lienrea  experiment.  What  is  the  canse  of  the  motion?  Describe 
Fiii.  96.     Deaeribc  the  rotating  jar,  Ftg.  97 


.^.^ 
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conductor,  SO  tbat  tlie  pieces  of  tin -foil  may  receive 
sparlts.  On  the  opposite  side  arrange  a  conductor, a;, 
in  connection  ■with  the  gi'ound  by  a  chain.  On  putting 
the  machine  into  activity,  the  jar  will  commence  rotating- 
on  its  pivot. 

Take  a  cake  of  sealing-ivax  or  Bliellac  eight  or  tcL- 
inches  in  diameter,  electrify  it  by  friction  ■with  a  pieci-i 
of  flannel,  and  receive  on  its  sui-face  a  fe^w  sparks  fi'or.n 
the  prime  conductor  by  bringing  it  near  the  ball.  The^n 
blow  upon  its  surface,  from  a  small  pair  of  bellows ,  a 
mixture  of  flowers  of  sulphur  and  red  lead  which  have 
been  intimately  ground  together  in  a  mortar.  Tlhis 
mixture  is  of  an  orange  color  ;  but,  the  moment  it  i:m- 
pinges  on  the  cake,  it  is,  as  it  were,  decomposed,  t".'ie 
yellow  salphur  settling  on  one  portion  and  the  red  lead 
on  another,  giving  rise  to  veiy  curious  and  fantastical 
figures,  called  Lichtenberg's  figures. 

Soon  after  electricity  became  a  subject  of  popular  at- 
tention, it  was  currently  believed  that  if  medicines  ot" 
various  kinds  were  sealed  up  in  glass  tubes  and  tbe 
tubes  electrically  excited,  their  peculiar  virtues  ■woi.id 
be  exhaled  in  such  a  manner  as  to  impress  the  patie.nt 
with  their  specific  purgative,  emetic,  or  other  powei's. 
Like  many  of  the  popular  delusions  of  our  times,  thi's 
imposture  w^  supported  by  the  most  cogent  evidence^, 
and  maladies  cured  publicly  ail  over  Europe.  Like 
them,  these  "medicated  tubes"  have  served  to  prova 
the  worthlessness  of  human  testimony  when  derived 
from  the  prejudiced  and  ignorant. 

It  should  be  remarked  that, in  their  action  upon  ma-- 
terial  bodies,  electricity  and  heat  dififer  greatly.  Th,e 
former  has  no  kind  of  influence  in  determining  magni- 
tude, Tvhereas  the  size  of  any  object  depends  on  its 
temperature. 

How  are  Lichtcnbcrp's  figures  produced?  'What  are  meciicatii^d 
tubes  ?  ■What  Is  the  difference  between  heat  and  electricity  in  the  ir 
iictlaii  on  bodies? 
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LECTURE  XXVn. 

.  Laws  op  the  Disteibutioh  op  ELECTEicrrr,  and  The- 
ories OP  Electeicity. — Distribution  of  EleetrioiPy. 
—  On  a  Sphere  aiid  Ellipsoid. — Action  of  Points. — 
Franklitia  JHscovery  of  the  I(kntity  of  Electricity 
cmd  lAghMing. — Lightning  Mods. — The  Two  Elec- 
trical Theories,  EranMin's  and  Dufay's. — Ekctrici- 
■,y  is  a  Compotind  Eorce. — T/ie  Xeyden  Jar. — Dis- 
charging  Rod. — Electric  Saitery. 
■When  electricity  ia  communicated  to  a  conducting 
jody,  it  does  not  distribute  itself  uniformly  through  the 
whole  mass,  but  exclusivoly  upon  Fiij-  os. 

the  surface.  Thus,  if  to  the  spher- 
ical hall  a,  Mg.  98,  supported  on  an  , 
insulating  foot,  b,  there  be  adjusted 
'wo  hemispherical  caps,  c  a,  also  on 
sulating  handles,  it  may  be  proved 
■at  any  electricity  commuoicated 
i>  a  distributes  itself  entirely  upon  the  surface ;  for  if 
we  place  upon  a  the  caps  c  c,  and  then  remove  them,  it 
ffiU  be  found  that  every  trace  of  electricity  has  disap- 
peared from  a,  and  has  accumulated  upon  the,  caps, 
which,  while  they  were  upon  the  ball,  formed  its  su- 
perficies. 

Again,  if  we  take  a  large  brass  ball,  a,  Fig.  99,  sup- 
ported on  an  insulating  stand,  and  having  on    _p,^_Bo. 
Its  upper  portion  an  aperture,  b,  through  which      ^ 
we  may  have  access  to  the  interior,  it  will  be  ^\ 
found,  on  examination,  that  the  most  delicate  ^^J* 
electrometers  can  discover  no  electricity  with-   ^W^ 
in  the  ball,  the  whole  of  it  being  on  tho  exter-       I 
nal  superficies.  E 

In  the  case  of  a  spherical  bod^,  not  only  is  ^-. 
the  distribution  entirely  superficial,  but  it  is 
also  uniform.  Each  portion  of  the  sphere  is  electrified 
alike.  But  where,  instead  of  a  spherical,  we  have  an 
Upon  what  part  of  a  body  does  electricity  distrHnihi  itself?  How 
may  this  be  proTed  ?  What  does  Fig.  99  prove  ?  What  is  the  dis- 
tribution on  a  sphere  ? 
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Fig.  100.  ellipsoidal  body,  it  is  different.  Thus, 

if  we  examine  the  condition  of  such 
,  it  conductor,  jF(^.  100,  the  quantity 
of  olectvicity  in  its  middle  portion, 
us  at  a  d,  will  be  the  smallest,  and 
it  will  increase  as  we  advance  to- 
ward the  ends,  b  c.  In  different 
ellipsoids,  as  the  length  become, 
greater,  so  the  amount  of  electricit' 
found  on  the  extremities  is  greater.  When,  therefos't 
a  conductor  of  an  oblong  spheroidal  shape  is  used, '  ' 
intensity  of  the  electricity  at  the  extremity  of  the  tv 
axes,  a  d  and  b  c,  Fig.  100,  is  exactly  in  the  proportiv 
of  the  length  of  those  axes  themseives ;  and  should  th> 
disproportion  in  the  length  and  breadth  of  the  conduct 
ing  body  be  Tei-y  great,  as  in  the  case  of  a  long  wive 
or  other  pointed  body,  a  very  great  concentration  will 
take  place  npon  the  points.  On  this  principle  we  ex- 
plain the  effect  of  pointed  bodies  on  conductors.  If  the 
prime  conductor  of  the  machine  have  a  needle  or  pi- 
fixed  upon  it,  the  electricity  escapes  away  into  the  i 
visibly  in  a  dark  room ;  and  in  the  same  way,  if  pointc 
bodies  surround  the  electrical  machine,  it  can  not  b 
highly  excited,  as  they  rapidly  take  the  charge  from  itr 
conductor. 

These  principles  may  be  very  well  illustrated  by  tak- 
ing a  long  strip  of  tin-foil,  so  arranged  as  to  be  roiled 
and  norolled  npon  a  glass  axis,  and  connected  with  f 
pair  of  cork  balls,  the  divergence  of  which  shows  itf 
electrical  condition.  If  now  to  this,  when  coiled  up,  a 
sufficient  amount  of  electricity  is  communicated  to  make 
the  balls  diverge,  on  palling  out  the  tin-foil  so  as  to 
have  a  larger  surface  they  will  collapse,  but  on  winding 
the  foil  ap  again  they  wUl  again  diverge,  showing  ttiat 
the  distribution  of  electricity  is  wholly  superficial,  and 
that  when  a  given  quantity  is  spread  over  a  large  sur- 
face, it  necessarily  becomes  weaker  in  effect. 

At  a  very  early  period  electricians  had  observed  the 
close  similarity  between  the  phenomena  of  the  electric 

Whtit  is  the  distribution  on  an  ellipsoid?  Whnt  is  tlie  distribu- 
tion on  a  wire?  Wiiat  is  the  cHeot  of  pointed  bodies  on  conditet- 
ora?  IIow  may  the  distribution  of  electricity  l)e  sliowu  by  a  coil  of 
lin-foilf 
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spavk  and  those  of  lightning,  but  in  the  year  1^52  Dr. 
Franklin   provecl  that  they  were   identical.     He    was 
waiting  for  the  erection  of  the  spire  of  a  churcli  iu  Phil- 
adelphia, on  the  extremity  of  which  ho  intended  to  raise 
a  pointed  metal  rod, 'with  a  view  of  withdrawing  the 
electricity  from  the  clouds,  when  the  accidental  sight  of 
.1  boy's  kite  suggested  to  him  that  ready  means  of  ob- 
aining  acoesa  to  the  more  elevated  regions  of  the  air. 
\ccoi-dingly,  having  stretched  a  silk  handkerchief  over 
light  wooden  cross,  and  arranged  it  as  a  kite,  he  at- 
'  -"hed  to  it  a  hempen  string,  tei-minating  in  a  silk  cord, 
d,  taking  advantage  of  a  thunder-storm,  r^sed  it  in 
J  air.    For  a  time  no  result  was  obtained ;  bat  the 
ring  becoming  wet  with  the  rain,  and  thereby  rendered 
I  better  conductor,  he  perceived  that  the  filaments 
which  hung  upon  it  repelled  one  another,  and  on  p^ 
senting  bis  knuckle  to  a  key  which  had  been  tied  to  tite 
end  of  the  hempen  string,  received  an  electric  spark. 
The  identity  of  electricity  and  lightning  was  proved. 
Franklin  soon  made  a  useful  application  of  bis  discov- 
y.     He  proposed  to  protect  buildings  from  the  effects 
■"  lightning  by  furnishing  them  with  a  metallic  rod, 
■>inted  at  its  upper  extremity  and  projecting  some  feet 
.bove  the  highest  part  of  the  building,  and  continuously 
extending  downward  until  it  was  deeply  buried  in  the 
ground.    This  contrivance,  the  lightning-rod,  is  now,  as 
s  well  known,  extensively  applied. 

There  are  two  theories  respecting  the  nature  of  elec- 
tricity :  1st,  Franklin's  theory,  whicn  assumes  that  there 
is  hut  one  fluid ;  and,  2d.  Dufay'a  theoiy,  which  assumes 
uhat  there  are  two  fluids. 

Franklin's  theory  is  that  there  exists  throughout  all 
'■>ace  a  subtle  and  exceedingly  elastic  fluid,  called  the 
ctric  fluid,  the  peculiarity  of  which  is  that  it  is  repul- 
se of  its  own  particles,  but  attractive  of  the  particles 
,f  other  matter ;  that  there  is  a  specific  quantity  of  this 
Jaid,  which  bodies  are  disposed  to  assume  -when  in  a 
natural  condition  or  state  of  equilibrium,  and  that  if  we 
communicate  to  them  more  than  their  natural  quantity 

Describe  Fi-nnklin's  diacoveir  of  the  identity  of  lightning  and 
eleotrioity.  Wiiat  nse  did  lie  mVke  of  the  discovery?  What  theo- 
ries are  there  of  the  nature  of  electricity?  What  is  l"raniilin'5  the- 
ory? 
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they  become  positively  electrified,  or  if  wo  take  away  ei 
portion  of  that  which  is  natural  to  thom  they  become 
negatively  electrified. 

Du&y'a  theory  is  that  there  exists  throughout  ail 
space  a  universal  medium,  the  immediate  properties  of 
which  are  not  known.  It  is  composed  of  two  specief 
of  electvieity,  the  positive  and  the  negative,  each  of  thest 
being  self-repellant,  but  attractive  of  the  other  kinc 
Bodies  are  ia  a  n&utralov  natural  state  or  condUion  o 
equilibrium  when  they  contain  equal  quantities  of  tX 
two  electricities;  they  are  positively/  ekctrifled  wl 
the  positive  is  in  excess,  and  negativdy  when  the  ner 
live  is  in  excess. 

Electricity  is,  however,  now  coming  to  be  regardt 
as  a  compound  force,  remarkable  fov  the  peculiar  forn. 
of  action  and  reaction  that  it  exhibits.  This  kind  of 
(Stion  and  reaction  follows  the  same  law  of  equality 
and  opposition  in  its  manifestations  as  that  which  if 
shown  more  obviously  in  the  phenomena  of  mechanics 
Whenever  vitreous  electricity  appears  at  one  point, 
corresponding  amount  of  resinous  electricity  is  invar! 
bly  developed  in  it*  vicinity,  reacting  against  it,  as. 
thus  enabhng  its  presence  to  be  recognized. 

As  one  kind  of  electricity  can  never  make  its  a; 
pearancQ  alone,  but  is  always  accompanied  by  an  equa, 
quantity  of  the  other,  we  uniformly  find  that  the  rubbet 
and  the  surface  rubbed  are  in  opposite  states ;  if  th- 
one  is  positive,  the  other  is  negative.  It  is  on  thi 
principle  that  many  machines  are  furnished  with  mean: 
of  collecting  from  the  prime  conductor  or  the  rubber 
and  therefore  of  obtaining  tlie  positive  oi 
negative  electricity  at  pleasure. 

In  1745  the  Leyden  iar  was  disoovere' 
This  consists  of  a  glass  jar.  Fig.  101,  coa' 
on  its  inside  with  a  piece  of  tin-foil  with, 
an  inch  or  two  of  its  upper  edge,  and  alsi 
on  its  outwde  to  the  same  point.  Through 
the  cork  which  closes  the  mouth  of  the  jar 
*  a  briws  rod,  terminated  by  a  ball,  passes. 
"  The  rod  reaches  down  to  the  inside  coating 

What  is  Dufay's  theory?  What  is  the  present  view  of  the  natni-e 
of  eleotrioitj?  Can  one  kind  of  eiectricity  alone  be  prodiited  ?  De- 
scribe the  Leyden  jar. 
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and  touohes  it.    On  holding  this  instrument  by  the  ex- 
terior coating  and  presenting  its  ball  to  the  prime  con- 
'.uctor,  a  torrent  of  sparks  passes  into  the  jar ;  and  when 
!t  is  fully  charged,  if,  Still  ret^ning  one  hand  in  contact 
with  the  outside,  we  touch  the  ball,  a  bright  sparli  pass- 
ia  with  a  loud  snapping  noise,  and  the  operator  receives 
hrough  his  arm  and  breast  what'  is  called  the  electric 
^ocb. 
If  we  take  the  discharging  rod,  Fig.  102,  consisting 
'  two  brass  arms,  <x  a,  terminated  by  balls  work-  ^^_  ^g^^ 
'  on  a  joint,  h,  and  supported  by  an  insulating 
idle,  c,  by  bringing  ono  of  its  balls  in  contact  } 
;h  the  outside  coating  of  a  Leyden  jar,  and  its  * 
her  ball  with  the  ball  of  the  jar,  the  discharge 
,'iU  take  place  as  before,  but  the  operator,  pro- 
tected by  the  glass  handle,  receives  no  shock. 

If  between  the  outside  coating  of  tbo  jar  and 

^ne  of  the  balls  of  tho  discharging  rod  a  piece  of  ■ 

;ardboard  be  made  to  intervene  and  the  spark 

issed,  the  card  will  be  found  to  be  perforated,  a 

vr  being  rdsed  on  both  sides  of  it  as  though  two 

veads  had  been  drawn  through  the  hole  in  opposite 

rections  at  the  same  time;  Ky. loa. 

id  from  this  an  ai'gument  ii 

ivoroftbe  theory  of  two  fluids  ^ 

.as  been  drawn. 

When  a  great  numbei  of  jai 

"e  connected  together,  so  that  , 

1!  their  inside  coatings  unite 

nd  all  their  outside  coatmg=! 

re  also  in  contact,  they  consti 

,iite  what  is  termed  an  electiic 

Osttery,  as  seen  in  J^  (7  103 

By  this  instrument  many  of  the 

m^jre  violent  effects  of  electnci 

t,\/  may  be  illustrated,  such  as  the  splitting  of  pieces  of 

■ood,  and  the  ignition  and  dispersion  of  metallic  wires.' 

How  is  it  used  ?  Describe  the  discliaveing  rod  ?  Hoiv  may  a 
card  be  perforated  by  the  sparlt?  Whatis  the  peculiarity  oftheper- 
Toralion  ?    Wliat  is  an  elactiio  battery  ? 
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LECTURE  XXVIir. 

Eleoteical  Instkujiestb  and  Fakaday's  Theory  oi 
Electric  Polakizi4tion. — Tlieory  of  the  Xeyde 
Jizr. — ilkctrometers-:  Quadrant,  Gold-leaf,  Torsion 
Peltier's. — BoJmenha^ger's  M  lectrosoop  e. — Zamboni 
Pile, — Faraday's  Th&ory  ^  Polarisation. —  i^eei, 
Induction. — Methods  of  I)ischarge  by  Conducti 
Disruption,  Convection. — Tlie  Brush. — Hydro -e 
trie  Machine. 

The  office  wbich  is  discharged  by  the  metallic  cos 
ings  of  a  Leyden  jar  is  illustrated  by  the  apparati 
p'iff.lOi-    It  consists  of  a  conical  glass  jav,  to  the  icte- 
Fig.Mi.    rior  and  exterior  of  whidi  movable  coatings 

Sof  thick  tin  plate  are  adapted,  the  interior  oup 
having  a  rod  and  ball  projecting  from  it.    Thi 
may  be  charged  like  any  other  Leyden  via' 
but,  on  taking  off  its  outside  coating  and 
moving  its  interior,  they  may  be  handled  a 
bi  ought  into  contact  with  each  other,  and  ! 
spoilt  passes ;  but,  on  restoring  them  to  the 
foiniLi  position,  and  applying  the  discharging  rod,  tL 
jai  IS  disohaiged.    They  therefore  only  serve  to  mak 
a  complete  conducting  communication  between  all  part' 
on  the  interior  and  all  on  the  exterior  of  the  jar. 

The  condensing  action  of  the  Leyden  vial,  which  ei, 
ables  it  to  hold  so  large  a  quantity  of  electricity,  is  dii 
to  induction.     When  the  inner  coating  is  brought  int 
contact  with  the  prime  conductor,  it  participates  in  it 
electi-ical  jiendition.    We  may  therefore  suppose  it  tc 
be  positively  electrified.    The  positive  electricity  of '^he 
interior  repels  that  of  the  exterior  into  the  earth,  ■.the 
outside  of  the  vial  being  in  communication  with  tlHe 
'ground.    It  therefore  appears  that  the  inner  coating  ' 
positive,  the  outer  negative,  and  the  whole  jar,  taken  t( 
gether,  is  in  the  neotral  condition.    The  inner  coating, 
continuing  to  receive  a  farther  charge  fi'om  the  prime 
conductor  by  induction  through  the  glass,  continually 
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■pels  more  of  the  same  kind,  the  positive  into  tlio 
ound  and  the  negative  accumulates  on  the  outside, 
this  manner  an  indefinite  quaotity  might  be  aocumu- 
'.ted,  were  it  not  for  the  fact  that,  owing  to  the  distance 
Siich  interveuea  between  the  two  coatings  by  reason 
■  the  thickness  of  the  glass,  the  quantity  of  positive 
;Ctvicity  in  the  interior  is  never  precisely  neutralized 
the  quantity  of  negative  on  the  exterior,  for  all  in- 
itive  actions  enfeeble  as  the  distance  increases.    The 
.eventually  refuses  to  receive  any  more  sparks  from 
■  machine, 
"tlioagh,  ia  charging  a  jar,  the  interior  coating  is 
^monly  brought  into  contact  with  the  prime  conduct- 
yet  the  charging  may  be  equally  well  accomplished 
:he  external  coating  receive  the  sparks,  provided  only 
flat  the  interior  coramiinieates  with  the  ground. 
The  action  of  the  Leyden  vial  may  be  illustrated  by 
'e  following  experiments.   With- 
an  inch  of  the  ball,  a,  of  the 
me  conductor,  JPig.  105,  bring  = 
econdary   conductor,  h,  sup- 
oed  on  an  insulated  stem,  c, 
i  on  putting  the  electrical  ma- 
ae   in   activity,  two   or  three 
irka  will  pass  itfyca  «  to  J,  bot 
,er  that  no  more.    The  cause  of  the  refusal  on  the 
irt  of  the  secondaiy  conductor  to  receive  any  farther 
arse  is  obviously  due  to  the  fact  that  the  electricity 
aico  is  already  communicated  to  it  repels  that  upon 
e  ball  «,  and  prevents  tlie  ptssige  of  j-    ^ 

If  now  we  take  a  Leyden  jii,  b,  F/  ;    ' 

■id,  and,  having  insulated  it  on  a  stand, 

■>rjf,;g  it  within  a  short  distance  of  tho 

baj/,,  o,  of  the  prime  conductoi,  it,  iii 

'ipj  same  manner,  will  only  recene^i 

,v  sparks.    Bat  if  we  place  a  conduct 

,  c,  which  ia    connected  ■with   the 

..■ound,  near  the  outside  coatmg,  it  w  ill 

Describe  the  charging  of  a  Leyden  jar.  Why  is  there  a  limit  to 
r.he  chmgc?  What  other  method  of  charging  may  be  used?  How 
does  K?.  105  illustrate  the  action  of  the  Leyden  jar?  Describe  the 
experiment  illustvaied  by  Fig.  lOG. 
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be  found  that  for  every  spavk  that  passes  between 
and  b,  one  passes  between  the  outside  coating  aJid 
and  the  sparks  follow  each  other  in  rapid  successii- 
until  the  jar  beeomea  fuUy  cbarged.  From  this,  thei'' 
fore,  we  gather  that,  while  positive  electricity  is  passit? 
into  the  interior  of  the  jar,  it  is  escaping  from  the  ext 
rior,  and  that  the  reason  the  jar  condenses  is  because  , 
sides  are  in  opposite  conditions,  the  positive  electric' 
of  tbe  interior  being  nearly  neutralized  by  the  negat 
electricity  of  the  exterior. 

Electrometers,  or  electroscopes,  are  instrnments 
measuring  the  intensity  of  electrical  excitement, 
cork  balls  which  are  represented  in  Fig.  02  are  one 
the  most  simple  of  these  contrivances.     The  distance 
j^  jijj    which  they  will  diverge  is  a  rough  measnre 

the  intensity  of  the  electrical  force.    The  quaa 
rant  electrometer  depends  essentially  on  th 
same  principles.     It  consists  of  an  upright  ste' 
of  wood,  Fig.  lOY,  to  which  is  aiBxed  a  semic 
ciilar  piece  of  ivory,  from  the  centre  of  wh 
there  hangs  a  light  ball  of  cork  playing  r 
pivot.    When  this  instrament  is  placed  on 
prime  conductor,  or  other  electnfied  body, 
stem  participates  in  the  electricity,  and  rej 
'  the  cork  ball  which  hangs  in  contact  with 
The  amount  of  repulsion  may  be  read  off  on  the  grai. 
ated  semicircle.    But  no  quantity  of  electricity  can  ev 
drive  it  beyond  90° ;  and,  indeed,  its  degrees  are  n 
proportional  to  tbe  quantities  of  electricity. 

p.  j„  The  gold-leaf  electrometer,  F^g.  Ifi 

consists  of  a  glass  cylinder,  a,  in  wh' 
two  gold  leaves  are  suspended  fron, 
conducting  rod,  tei'minated  by  a  \>'a 
or  plate,  b.    On  the  glass  opposite,  tbt 
leaves  pieces  of  tin-foil  are  pasted; ,  so 
that  when  the  leaves  diverge  fully  tt'^e 
^^  may  discharge  their  electricity  into  t. 
^^  ground.     This  is  a  very  delicate  inst. 
""  metit  for  discovering  the  presence  ■- 
electricity,  but  the  torsion  electrometer  of  Coulomb  i- 

What  is  an  electrometer?  What  is  the  most  simple  of  these  enn 
trivances  ?  Doscribe  tbe  quadrant  electrometer.  Describe  the  gold- 
leaf  electrometer. 
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'  be  preferred  when  it  is  required  to  have  exact  meas- 
.  es  of  that  quantity. 

Coulomb's  electrometer  consists  of  a  glass  cylinder, 
K,  Fig.  109,  upon  the  top  of  wliicli  „., ,™, 

ero  ia  fixed  a  tube,  B,  m  the  axis 
which  hangs  a  glass  thread,  b, 
the  lower  end  of  which  a  smalt 
■  "•  of  shellac,  b  d,  with  a  gilt  pith 
1  at  one  extremity,  is  fastentid. 
;'f)ugh  an  aperture  in  the  top  of 
glass  cylinder  another  shellac 
e,  with  a  gilt  ball,  may  be  in- 
duced.    This    goes    under   the 
■ne  of  the  carrier. 
If  now  the  lower  ball  of  the  car- 
ier  be  charged  with  the  electricity 
■^  be   measured,  and  introduced 
to  the  interior  of  the  cylinder,  as 
an  in  the  figure,  it  will  repel  the 
"'able  ball.     By  taking  hold  of 
button,  a,  to  which  the  upper  end  of  the  glass 
lad,  6,  is  attached,  wo  may,  by  twisting  the  glass 
ead,  forcibly  bring  the  carrier  ball  and  movable  ball 
J  contact.    The  number  of  degrees  through  which 
J  thread  requires  to  be  twisted  represents  the  amount 
electricity.    To  the  button,  a,  an  index  and  scale,  c, 
e  attached.    By  this  we  can  tell  the  number  of  de- 
ees  of  twist  or  torsion  which  have  been  given  to  the 
read.    These  angles  of  torsion  are  exactly  proportion- 
to  the  quantities  of  electricity. 
Another  vei-y  convenient  electrometer 
IB  invented  by  Peltier,  in  which  the  di- 
;otive  force  of  a  small  magnet  is  substi- 
^lEtid  for  the  torsion  of  a  glass  thread. 
r  )ne  of  the  most  delicate  electroscopes 
'  jhat  of  Bohnenberger.     It  consists  of 
small  Zamboni's  ^\e,ah,Mg.l\0,  snp- 
.,rted  horizontally  beneath  a  glass  shade, 
nd  from  its  extremities,  a  b,  curved   . 
virea  pass,  which  terminate  in  parallel  ^ 

Describe  Coulomb's  electrometer.     How  is  Coulomb's 
ised?    Describe  Peltier'a   electrometer.     Hmv 
iiiectroBcope  arrallged  ? 
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platea,^  m.  One  of  these  is  therefore  the  positive,  ar 
the  other  the  negative  pole  of  the  pile.  Between  the' 
there  hangs  a  gold  leai;  d  ff,  which  is  in  metallic  cot., 
munication  with  the  plate  o  n  by  means  of  the  rocl  f 
If  the  leaf  hangs  equally  between  the  two  plates,  it 
equally  attracted  by  each,  and  remains  motionless ;  b 
on  commnnicating  a  trace  of  electricity  to  the  plate  o  . 
the  gold  leaf  instantly  moves  toward  the  plate  wh' 
has  the  opposite  polarity. 

Zamboni's  electrical  piles  are  made  by  pasting  -a 
foil  on  one  side  of  a  sheet  of  papei'and  coating  the  o* 
with  finely-powdered  peroxide  of  manganese  and  ho. 
and  theo  punching  out  a  number  of  circular  pieces  h. 
an  inch  in  diameter.     If  several  thousands  of  these 

f lacked  together  in  a  glass  tube  so  that  the  zinc  faces  .. 
ook  in  one  direction  and  the  manganese  in  the  other 
and  be  pressed  tightly  together  by  metallic  plates  r' 
the  ends,  it  will  be  found  that  one  extremity  of  the  pi 
is  positive  and  the  other  negative.  With  a  dry  pile  • 
j^  -ijj_  20,000  pairs  sparfes  can  be  obtai' 

1_  and  a  Leyden  vial  charged  sufficie 

to  give  shocks.  If  the  pile  be  drie- 
loses  activity,  but  otherwise  it  will  c 
tinue  to  work  for  years.  Fig.  IH  r, 
resents  a  pair  of  these  piles  aiTanged 
as  to  produce  what  was  at  one  time  i 
garded  aa  a  perpetual  motion.  Tv 
piles,  a  h,  are  placed  in  such  a  positi' 
that  their  poles  are  reversed,  and  I 
twecn  them  a  ring  or  light  ball,  c,  ■ 
brates  like  a  pendulum  on  an  axis. 
It  is  alternately  attracted  to  the  one  and  then  to  t 
other,  and  will  continue  its  movements  for  years.  Il  - 
covered  by  a  glass  shade. 

Many  of  the  fundamental  phenomena  of  electric  '^ 
have  been  explained  by  Faraday  upon  the  hypotht.  '"' 
that  indaction  is  an  action  of  polarization  taking  pla. 
in  the  contiguous  molecules  of  non-condncting  medi. 
and  propagated  in  curved  lines.    Bodies  susceptible  oi 
this  polarization  are  termed  diMecPncs,  for  they  alloiT 
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ectric  power  to  traverse  them,  but  by  a  process  differ- 

•g  from  conduction.    As  examples,  air,  rcsiu,  glass,  and 

jTphur  may  be  mentioned. 

Whatever  may  be  tbe  form  or  constitution  of  bodies, 

n  electric  charge  can  not  be  given  to  them  without  at 

;e  same  time  giving  a  charge  of  the  opposite  kind,  but 

f  tbe  same  amount,  to  them  ov  other  bodies  in  their  vi- 

'lity.    This  charge  is  not  confined  upon  their  surfaces 

the  pressure  of  the  atmosphere,  but  through  the  po- 

4-  ^tion  of  the  aerial  or  solid  particles  of  the  surround- 

dielectrics,  prodncing  in  them  a  charge  of  the  same 

junt,  but  of  an  opposite  kind.    Thus,  if  a  positively 

ictrlfied  ball  be  placed  in  tbe  centre  of  a  bollow  me- 

.lio  sphere,  the  intervening  space  being  filled  with  at- 

.ospherio  air,  the  charge  is  not  ret^ned  upon  the  ball 

jy  tue  pressure  of  the  air,  but  because  each  aerial  parti- 

le  assumes  by  induction  a  polarity  of  tbe  opposite  kind 

1  the  side  nearest  the  bali,  and  of  the  same  kind  on  the 

le  farthest  off.    This  state  of  force  is  therefore  com- 

■jicated  to  the  interior  of  the  hollow  sphere,  which  is 

itrifiedto  the  same  amount,  but  of  an  opposite  kind 

the  ball. 

That  this  polarization  takes  place  is  shown  by  tbe  po- 
lon  which  small  silk  fibres  or  spangles  of  gold  assume 
nen  placed  in  oil  of  tui'pentine,  through  which  induc- 
lon  is  established.  Each  particle  disturbs  not  merely 
lat  which  is  before  or  behind  it,  but  it  is  in  an  active 
ilation  with  all  surroanding  it ;  and  hence  the  polai-ity 
m  be  propagated  in  curved  lines,  and  induction  take 
ace  around  comers  and  behind  obstacles. 
On  these  principles  we  can  easily  account  for  the  dis- 
.bntioii  of^ electricity  on  spherical  or  ellipsoidal  con- 
ctors,  the  repulsion  of  bodies  similarly  electrified,  the 
idensing  action  of  the  Leyden  vial,  and  many  other 
lilar  phenomena. 

By  a  variety  of  experiments,  Faraday  has  proved  that 
.ductive  action  takes  place  in  curved  lines,  tbe  direc- 
.ons  of  which  can  be  varied  by  the  approach  of  bodies. 
He  has  also  shown  that  the  particles  of  solids,  as  shellac. 

Mention  somo  examples.  What  oceurs  ivlien  a  body  receives  nn 
ekctric  charge?  Descrit*  the  action  of  an  electrical  ball  in  the  in- 
terior of  a  sphere.  IIow  do  we  know  that  polarination  takes  place  ? 
Does  induction  fake  place  oolj  in  straight  lines  ? 
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glass,  etc.,  assume  this  character  of  polarity.     Non-coi 
ducting  bodies,  dielectrics,  through  which  the  action  o 
induction  tabes  place,  have  each  a  speopla  inductive  cu 
pacUy.    Thus,  if  three  metallic  plates,  C6bc,  Mg.  1 12,  be 
Pf„  J12        insulated  parallel  to  each  other,  atmof 
pheric  air  intervening  between  a  and  ■. 
and  a  plate  of  shellac  between  b  and  c 
the  shellac  will  be  found  to  allow  indr 
tion  to  take  place  across  it  twice  as  rea 
ly  as  air.    The  foilowing  table  exhi'-\) 
the  specific  inductive  capacity  of  var- 
^  bodies: 

Specijic  Iniltiction. 


All  gases  have  the  same  indu. 
tiv©  capacity,  whatever  their  df 
sity,  elasticity,  temperature,  or  . 
grometric  condition  may  be.    Fai 
day's  apparatus  for  this  investij 
tion  was  a  Mnd  of  Leyden  vi- 
i^((/.  113,  consisting  of  two  met; 
lie  spheres,  A  A,  insulated  froi. 
eaeh  other  by  a  stem  of  shellac,  F 
The  interval  between  the  two  coui. 
be  filled  with  any  gaseous  mediu- 
through  the  stopcock  S.    Two  o 
the  jai'S  were  used,  one  containir 
air  as  a  standard.    When  the  otl: 
jar  was  charged,  the  charge  was  i 
vided  with  that  containing  air,  a 
the  relative  intensity  measured 
an  electrometer. 

After  the  electric  equilibrium  i 
a  body  has  been  disturbed,  it  ma 
be  restored  by  conduction,  disrnp- 
tion,  or  convection.     An  example 

What  is  meant  by  specifie  inductire  capacity  ?  Give  the  induc- 
tive capacities  of  air,  resin,  etc.  What  is  the  ease  ivitli  gaseous  bod- 
ies?   Describe  Taraday's  appmatui. 
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.'the  first  and  second  methods  c 
.e  use  of  a  discharging-i'od  applied  to  a  Leyden  vial, 
.0  electricity  passing  quietly  along  the  metallic  con- 
nctor  a  part  of  the  way,  but  bursting  through  the  in- 
irval  of  air  "by  disruption.  Heat  is  evolved  by  the 
issage  of  electricity  along  a  conductor,  tho  amount  in- 
casing as  the  resistance  irom  imperfect  conduction  in- 
aases 

Do'ehprnent  of  JSpat  by  Ehctricity 
Coppei 


Silvei 

<3 

rin 

Gold 

Lead 

Zine 

18 

Brass 

Pliitmum 

Tin  1,  Lead  1 

The  imount  of  lieat  meieaiee  aa  the  aqii-iio  of  the 

-[uiiititj  tian^nutted  m  equal  time-.      If  tho  biec  of  the 

inductor  be  sufiicientlj  leduced,  itmiy  be  deflagrated. 

a  disruptive  dischaige  particles  ot  the  solid  conduct- 

^  are  torn  offby  the  spark,  and,  being  ignited,  give  a 
to  the  light.  In  this  way  the  spectra  of  many  met- 
have  been  observed.    Not  only  light,  but  also  heat  is 

iduced  in  this  method  of  discharge,  as  may  be  shown 
pasting  a  slip  of  tin-foil  on  glass,  and,  having  cut  it 
OSS  in  two  or  three  places,  laying  wafers  thereon. 

n  passing  a  discharge,  the  wafers  will  be  thrown  off 
V"  the  expansion  produced  in  the  air  by  heat  ^t  those 

oints. 

The  velocity  of  movement  of  the  spark  greatly  ex- 

eds  that  of  light,  passing  through  a  copper  wire  at 

1  rate  of  288,000  miles  in  a  second.  Its  duration  is 
'.mated  at  less  than  the  millionth  of  a  second.  Trees 
fcated  violently  by  the  wind,  if  illuminated  at  night 
lightning,  seem  to  be  perfectly  at  rest.  The  distance 
jugh  which  disruptive  discharge  will  take  place  va- 
i  with  different  media,  and  with  their  rarefaction,  A 
.rk  will  pass  through  several  inches  of  flame. 
A  dilute  spark,  or  bntsh,  occurs  when  a  discharge 

.kes  place  between  a  good  conductor  of  limited  sur- 

IIow  is  electric  equilibrium  reekned  ?  'When  does  electricity 
.•oduce  heat?  Is  the  prodnction  Uie  aarae  for  all  metals?  Givo 
ixamples.     Wliat  is  the  law  of  increase  of  theheatf    'What  occurs 

during  disruptive  discharge?     State  the  velocily  of  tr "- 

electricity.    What  ia  the  hmsk  t 
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face  and  a  bad  one  of  larger  surface;  as,  for  exanipl 
when  a  biunt  rod  discharges  into  the  air.  Tlie  brush 
larger  from  a  surface  charged  vitreously  than  resinousl^ 

Discharge  by  convection  is  where  the  charge  is  fet 
bier,  and  the  brush  is  replaced  by  a  tranquil  glow. 

Electricity  may  be  produced  in  large  amount  by  tl 
hydro-electrio  machine,  ■which  coBsifits  of  an  insulate 
boiler,  from  which  steam  can  escape  through  long  tubr- 
The  boiler  becomes  negative,  the  escaping  steam  be! 

Eositive.  The  smallest  quantity  of  oil  or  turpen' 
owever,  reverses  these  electrical  states. 
The  electvophoruH  is  an  instrument  which  depend, 
its  action  on  induction,  and  is  of  fi'equent  use  in  che 
istry.  It  consists  of  a  cake  of  shellac  or  sealing-was 
Fig.  m.  Fig.  114,  on  which  is  placed  a  flat  n 

tallic  plate,  a,  with  an  insulating  hai. 
,  c.     On  exciting  h  with  a  piece  o:* 
rm  flannel,  it  becomes    negative' 
.  electric;  and  a  being  placed  on  it  a" 
'  a  finger  brought  near,  a  negative  spr 
driven  from  a  by  the  repulsive  influe. 
of  b,  is  received.    On  lifting  a  by  its  insalatiog  hand 
a  positive  spark  is  obtained ;  on  putting  it  down  on 
a  negative  one ;  and  in  this  manner  we  may  obtain 
nnlimited  number  of  sparks — positive  ones  when  a 
.  lifted,  and  negative  ones  when  it  is  down.    A  little  n 
flGctiori*  will  show  that  none  of  this  electricity  comi 
from  the  excited  cake  b,  but  is  merely  the  efiect  of  i' 
inductive  influence  on  the  eleotrio  condition  of  the  m 
tallic  plate  a.     The  eiectrophorns  may  be  used  wh 
the  weather  is  too  damp  for  the  common  machine 
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LECTURE  XXIX. 
Voltaic  Electeicity.— Crafenrai's  Discovety. —  TTie 
Simple  Voltaic  Circle  and  its  Properties. — jDirectimi 
of  the  Cvrrent. — Dtffefr&it  JSiiids  of  GomHnations. 
—  Vse  of  t/te  /Sulphuric  Add, —  Cause  of  the  Voltaie 
Tiirrent. 

N  1790  Galvani  observed  that  if  metallic  communt- 
-don  is  made  between  the  muscles  and  nerves  of  a  re- 
■ntly  killed  frog,  convulsive  ii 
ifferent  metals  are 
ised,  as  copper  and 
zinc,  the    contrac- 
tions    are     much 
nore  energetic.  If 
le    crural   nerve, 
,  Mff.  115,  of  a 
■og    bo     exposed 
idconnectedwit'i 
piece  of  zinc,  Z, 
ihile  the  mnsclet  ui'  v.iv  -Jn'.'^].,  m,  arc  touched  with  a 
jopper  wire,  C,  nothing  occiLit,  a&.long  as  the  metals  are 
':tept  apart;  but,  as  soon  as  they  are  brought  into  con- 
iact,  a  convulsive  movement  ensaes,  and  the  same  is  re- 
eated  as  oflen  as  the  contact  is  made.    These  phenom- 
na  at  firat  went  under  the  name  of  animal  electricity, 
If  a  piece  of  zino  and  one  of  silver  be  placed  on  op- 
site  sides  of  the  tongue  and  the  overhanging  edges 
.ought  into  contact,  a  metallic  taste  is  perceived  in 
e  mouth.    If  the  silver  be  between  the  upper  lip  and 
!th  while  the  zinc  is  on  the  tongue,  when  the  metals 
nch  a  bright  flash  is  seen. 

The  branch  of  electrical  science  that  arose  from  such 
bservations  is  called  Galvanism  or  Voltaic  electricity, 
dud  its  phenomena  are  those  of  electricity  in  motion. 
Static  electricity,  which  we  have  previously  considered, 
exhibits  that  force  in  a  motionless  state. 

j% 

What  fact  did  Galvani  diecorer  ?  Describe  tlie  experiment  Fig. 
1 16.  Wliat  eiectrical  experiments  may  be  performed  in  the  mouth  ? 
What  is  the  difference  tietween  static  and  voltaic  electricitj'  ? 
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It  is  to  be  admitted,  though  of  that  abundant  proof 
will  soon  be  given,  that  water  is  not  a  simple  but  a  com- 
pound body;  that  it  consists  of  two  elements,  oxygen 
and  hydrogen.  It  ia  also  to  be  understood  that  metal- 
lic zinc  may  be  amalgamated  or  united  with  quicksilver, 
by  putting  it  in  contact  with  that  fluid  metal  under  thr 
surfeee  of  dilute  sulphuric  acid.  Strips  of  zinc  thus 
amalgamated  exhibit  a  pare  metallic  bnlliancy. 

A  simple  voltaic  circle  may  consist  of  a  strip  of  ama 

jfig.uo.     gamated  zinc,  z,  S%g.  116,  an  inch  wide  a 

^         three  or  four  inches  long,  and  a  similar  c 

fper  strip,  c,  immersed  in  a  vessel  of  water,^ 
slightly  acidulated  with  sulphuric  acid.  Whi' 
the  copper  and  zinc  are  kept  separated  thei 
is  no  action ;  but  if  we  take  a  metallic  rod,  d 
and  connect  the  two  together,  a  series  of  phe- 
nomena arise. 
First,  from  the  surface  of  the  copper  minute  bubbles 
of  hydrogen  gas  are  evolved. 

Secondly,  the  plate  of  zinc  rapidly  wastes  away,  ai 
on  examining  the  liquid  in  the  cup  we  discover  th 
cause  of  this  waste,  for  it  contains  oxide  of  zinc.  Coup 
ling  this  fact  with  the  former,  we  infer  that,  so  long  p 
the  metallic  rod  d  is  in  place,  water  is  decomposed,  it 
oxygen  uniting  with  the  zinc,  its  hydrogen  escaping 
from  the  copper.  On  removing  the  rod  d,  all  these  phe- 
nomena at  once  cease. 

Thirdly,  if,  instead  of  a  metallic  rod,  f?,  a  rod  of  glaa? 
or  other  non-conductor  of  electricity  be  employed,  no 
decomposition  occurs.  This,  therefore,  indicates  thr 
the  agent  in  operation  is  electricity. 

Fourthly,  if  for  the  line  of  communication  a  piece  i 
metal  be  employed,  and  wo  cautionsly  lift  it  fi-om  tl 
zinc  or  copper  plato,  the  moment  the  contact  is  brok 
in  a  dark  room  we  sec  a  minute  spark.  It  has  alrea(^ 
been  observed  that  the  electric  spark  can  not  be  co, 
founded  with  any  other  natural  phenomenon. 
Fifthly,  if  the  line  of  commanication  be  a  y^xf  slen- 

Is  wnter  a  simple  or  ii  compound  body  ?  Whnt  ia  anialgaraated 
zinc?  Describe  a  simple  Voltaic  circle.  What  jbcuvs  on  connect- 
ing the  plates?  Wbat  gns  rises  from  the  copper?  Wiat  happens 
to  Che  zinc  ?  'What  occurs  on  uaing  a  glass  rod  ?  How  may  a  spark 
be  produced? 


Hc^i^db,  Google 


PHENOMENA  OF  A  SIMPLE  CIKCLE.  149 

der  plattnam  wire,  as  long  as  it  remains  in  position  its 
temperature  rises  so  high  that  it  becomes  red-liot,  and 
may  remain  so  for  hours.    Now,  recollecting  that  the 
ignition  and  fusion  of  metals  take  place  when  they  ave 
made  to  intervene  between, the  coatings  of  a  Lcyden 
vial,  ^d  considering  all  the  facts  which  have  just  been 
det  forth,  we  see  that  the  following  conclusion  may  be 
li'awn :  that  in  an  active  simple  Voltaic  circle  water  is 
acomposed,  its  oxygen  going  to  the  zinc  and  its  hydro- 
;  to  the  copper,  and  that  a  continuous  cun-ent  of  elec- 
>ity  accompanies  this  decomposition,  running  from 
.  metal  to  the  other  through  tiie  connecting  rod. 
The  direction  of  the  current  ia  as  follows :  The  elec- 
icity,  leaviog  the  surface  of  the  zinc,  paeses  through 
ue  hqaid  to  the  copper,  then  moves  through  the  con- 
necting wire  back  to  the  zinc,  performing  a  complete 
circnit.    Hence  the  term  Voltaic  circle. 

Simple  Voltiuo  circles  are  of  several  kinds.  That 
>hich  we  have  been  considering  consists  of  two  differ- 
t  metals,  with  one  intervening  liquid,  but  similar  re- 
Ita  can  be  obtained  with  one  piece  of  metal  and  two 
ifferent  liquids. 

In  the  foregoing  experiment  we  have  used  dilute  sul- 

huric  acid;  this  acid  discharges  a  subsidiary  duty. 

■inc,  when  it  oxidizes,  ia  covered  with  a  coating  imper- 

naeable  to  water  and  air.    It  is  this  gi'ayish  oxide  which 

arotecta  the  common  sheet  zinc  of  commerce  from  far- 

',her  change.    When,  therefore,  a  Voltaic-  pair  gives 

ise  to  a  current  by  the  oxidation  of  its  zinc,  that  cnr- 

"nt  would  speedUy  stop  were  not  the  oxide  removed 

fast  as  it  forms.     This  is  done  by  the  sulphuric  acid, 

■ioh  forms  with  it  a  sulphate  of  sane,  a  substance  very 

iluble  in  water,  and  the  metal  thus  continually  presents 

■lear  surface  to  the  water. 

As  to  the  immediate  cause  which  gives  rise  to  the 
oltaie  current,  there  has  been  a  difference  of  opinion 
nong  chemical  authors.  Volta  believed  that  the  mere 
.ontact  of  the  metals  was  the  electromotive  source,  and 

How  inny  ignition  be  prodnced?  What  conclasion  may  1)c  drawn 
'rom  these  obseivations ?  What  is  the  comse  of  the  current? 
What  other  kinds  of  Voltnio  circles  are  there  ?  What  is  tlie  use  of 
snlphuric  acid  in  these  combinations  ?  What  did  Volta  think  was 
the  cause  of  the  cun'ent  ? 
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endeavored  to  prove  by  direct   experiment  that  if  ■ 
piece  of  copper  and  one  of  zinu  are  bronght  in  cootac. 
and  then  separated,  they  become  excited,  the  oneposi 
tively  and  the  other  negatively.     Upon  these  principle!: 
}ie  was  led  to  the  discovery  of  the  Voltaic  bnttery,  an 
instvTiment  -which  has  revolutionized  chemistry.    Bn' 
many  facts  have  uow  indisputably  shown  that  the  origi,. 
of  the  current  ia  to  be  sought  iu  tlie  chemical  chaugp 
going  on,  and  that  the  energy  of  the  curreDt  is  propc 
donate  to  the  chemical  activity.     In  the  instance 
have  had  under  consideration  it  is  due  to  the  decon 
pition  of  water.     Tho  direction  of  the  current  is, ' 
the  positive  electricity,  starting  from  the  more  oxidii 
ble  metal,  traverses  the  liquid  tol^•ard  the  less  oxidizab 
metal,  and  returns  to  its  point  of  origin  along  ihe  wi. 
joining  the  two. 


LECTURE  XXX. 
Foiiiis  OF  ijiE  Voltaic  Batteey. — 27:e  Voltaic  Pt 


-Or own  of  C'tqjs. — Oniickshank's 
Ject  of  Am<^amation. — DanidVs  £atterv.—Sm,ee 
Bati&ey.  —  Qrovis  Batt&ry. — 'Suns&i-Ca  battery. - 
Voltaic  Sheets :  the  ^ark,  Dcjlagration  of  Metal 
Ignition  ^  Wt^'es,  Arc  of  Flame.  —  Tlie  Electri 
Mght. — Mision  of  Metals. — Decomposition  of  Wa 
ter. —  Oxygen  and  MydTogen  evolved. 
The  Voltaic  pile  nsed  by  Volta  consisted  of  a  uuir 
ber  of  pairs  of  dissimilar  metals,  as  zinc,  Z,  and  copp' 
C\  Fig.  117,  separated  from  one  another  by  pieces 
cardboard  or  flannel,  F,  moistened  with  acidulated  -w 
ter.    In  arranging  such  a  pile  a  regular  order  must 
obeerved.    If  a  piece  of  zinc  is  at  the  bottom,  it  must 
succeeded  by  a  piece  of  flannel,  then  a  piece  of  copp 
then  zinc  ag^n,  and  so  on,  the  pile  tenninating  on  t- 
by  a  piece  of  copper. 

If  the  ends  of  the  pile,  or  wires  connected  with  them, 
he  touched  with  the  moistened  Siands,  a  shock  is  at  once 
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eceivcd,  and,  on  bringing  the 
vires  close  togethet,  a  spart 
lasses. 

There  are  several  inconvenieii- 

;es    attending    tlie    original   con- 

truetion :  it  is  liable  to  be  over- 

;et,  is  troublesome  to  put  in  ac- 

'on,  and  I'equires  to  be  taken  to 

ecea  and  thoroughly  cleaned  e\ 

J-  time  that  it  is  used.    Its  luii. 

.m  effect  lasts  but  a  sbovt  time, 

.iig  to  the  weight  of  the  so 

'■incumbent  column  pressing  out 

re  moisture  from  the  lower  pieoes        

.  cloth,  and  as  soon  as  they  be     "~ 
"iome  dry  all  action  ceases.  ~ 

Volta  used  another  form,  which  he  cilli 
.iup?,  Fir/,  lis,  to   avoid  these  diihtulti' 


noist  flannel  v*  lepWced  by  bpiil  Lontiined  ii    ^ 
essels  the  coppei   C  and  ziuc  Z  bem^  .jonnecte3  by 

lies  =!oldaed  to  them 

Cruiokshank's  battery 

■9.   119,  three    or 

T   incbes    square 
the  ends,  and  a 


It  ( 


!  long. 


iMiiiiiiiiiiiMil 


m  of  tbisbos,  and  ^- — — ■'—-  ■ 

.ito  them  pieces  of  zinc  and  copper,  soldered  face 
to  face^  are  fastened  water-tight  by  cement.  These 
grooves  are  about  half  an  inch  apart,  and  into  their  in- 
terstices acidulated  water  is  poured,  care  being  taken 
?    Describe  the  ei'owii  of  Clips,     De- 


ciihe  Craickalinnt'B  battory. 
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that  the  raetala  are  arranged  in  the  same  direction,  s. 
that  if  the  series  begins  with  a  copper  plate  it  ends  wit 
a  zinc.  The  apparatus  is  obviously  equivalent  to  Vo' 
ta's  pile  laid  on  its  side,  and  the  facility  for  charging  il 
and  removing  the  a^id  when  the  experiments  are  over, 
is  very  great.  From  the  two  extremities  flexible  coi; 
per  wires  pass ;  they  are  called  the  polar  wires,  or  elec 
trodes  of  the  battery. 

The  object  of  amalgamating  the  zinc  in  Voltaic  b; 
teries  is  to  prevent  what  is  termed  local  action,  a  w;  tS 
in  which  much  metal  is  consomed,  withont  adding 
the  power  of  the  eun-ent,  and  which  likewise  dett 
rates  the  acid  liquid  by  the  aocumuTation  of  anlphate 
zinc.    When  amalgamated,  all  the  sine  consumed  ai' 
in  the  current. 
When  it  is  req^uired  to  have  a  current,  the  intensity 
Fig.  no.     of  which  remains  constant  for  a  length  of 
time,  Danieli's  battery  is  to  be  preferred.    I 
consists  of  a  copper  cylinder,  C,  .fVi;'.  120,  \ 
which  a  solution  of  acid  sniphate  of  copf 
is  poured.    This  solution  is  kept  satnvat 
with  the  salt  by  means  of  crystals  of  s- 
phate  of  copper  resting  on  the  shelf  abo- 
P.    The  interior  cylinder  P  A  is  filled  wit 
dilute  sulphuric  acid,  and  an  amalgamate- 
rod  of  rinc,  2,  dips  into  it.    From  the  cop 
per  and  zinc  rods  project,  terminated  by 
binding  screws,  with  which  the  polar  wirp' 
may  be  connected.    Twenty  or  thirty  cell 
of  this  description  furnish  a  combination  of  great  powp" 

A  convenient  and  inexpensive  form  of  Daniell's  b 
tery  is  shown  in  Ji^ff.  121 ,  The  sulphate  of  copper 
contained  in  glass  jars,  and  the  copper  cup  C,  Mff.  I2i 
is  replaced  by  a  sheet  of  copper.  A,  bent  into  a  cyJ' 
drioal  form.  The  shelf  for  the  crystals  is  supported 
little  pieces  of  copper,  turned  in  as  at  d  4.  The  slif 
serves  to  connect  the  copper  with  the  zinc  of  the  ne 
cell.  At  H  0  the  method  of  arranging  the  cells  to 
gether  is  seen, 

Smee's  battery  is  also  a  very  valuable  combination. 
It  consists  of  a  plate  of  platinized  silver,  or  platinized 
What  ia  the  object  of  amaleamating  tUo  zinc?    Describe  Dan- 
iell'a  battei'j.    Dcsciibs  Fig.  121. 
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mnm,  b,  F,g  122,  on  each  eide  of 

:ich    3ie    placed   parallel   plates    of 
jalgaruated  zinc,  Z  Z.    These  plates 
re  held  tightly  against  apiece  of  wooil, 
^1  by  means  of  a  clamp,  5,  to  whioli,  1 
'id  also  to  the  silver  plate,  Ijinding  I 

■ewB,  for  the  purpose  of  fastening  I 

'ar  wires,  are  affixed.    The  whole  is  I 
pendedby  means  of  a  cross-piece  of  j 

od  in  ajar  containing  dilute  sulphu-  T 

The  object  of  platinizing  the  silver  \ 
ate  is  to  facilitate  the  extrication  of 
/drogen  from  it  by  furnishing  a  rough  instead  of  a 
nooth  surface.  The  adhesion  of  hydrogen  to  the  eil- 
.■  plate  enfeebles  theVolt^c  action.  Giving  to  the  tend- 
sy  of  the  separated  components  of  the  liquid  to  re-- 

Sf.  nee's  compound  battery,  represented  in  Fig.\%'i, 
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gkovk'h  batteuy. 


^(7.12*. 


is  a  series  of  the  foregoing  simple  circles.     The  figure 
shows  one  containiog  six  cells.     Tiie  position  of  tht 
platinized  silver  and  zinc  plates  is  seen  at  S  and  Z. 
Probably  the  most  powerful  of  all  Voltaic  combina- 
tion's ia  Grove's  nitrio  acid  battery.     It  con- 
)  of  two  metals  aod  two  liquids,  amalga- 
mated zino  and  platinum,  dilute  sulphuric  acio 
and   strong  nitric   acid.     A  jar,  P,  Fig.  12 ' 
three  quai'ters  of  an  inch  in  diameter,  ar 
made  of  porotia  or  uu^lazed  earthenware,  it% 
te  filled  with  strong  nitric  acid,  N,  and  in  ■' 
slip  of  platinum  ia  placed.     Thia  porous  eai 
enware  enp  is  then  set  in  a  glass  cup,  A,  tlr 
or  four  inches  in  diameter,  and  is  surrouud- 
by  a  cylinder  of  zinc,  Z,  ona  quarter  of  an  inc. 
in  thickness,  and  of  such  a  aze  that  it  will  readi 
ly  pass  between  the  porous  cup  P  and  the  gl^f 
In  the  glass  is  placed  dilute  sulphuric  acid. 
In   this   manner    several  cups   are  to  be  provide 

contact  with  dilate  s' 

phuric  acid  and  ph. 
num,  in  contact  w.' 
t  oiig  nitric  acid, wi 
1  p  roua  cup  interve 
between.  Thezir, 
J   nder   of  one    ce' 
onnected  with  th 
p  atinum  of  the  iie- 
soldering.     M_ 
represents  a  1",*^ 
te  J  o    s      cups  1      n   ed  f     a     o        P  is  the  posi  \;\S 
nlNhee     tepoe 
(jioves  batteiy  owes  its  foice  to  the  decorapositi' 
of  water  by  zinc.    But  the  hydrogen  is  not  evoV 
from  the  surface  of  the  platinum  as  it  would  be  in  a  s 
pie  circle ;  it  is  here  taken  up  by  the  nitrio  acid,  wt 
undergoes  rapid  deoxidation,  and  therefore,  during  , 
use  of  this  battery,  volumes  of  deutoxide  of  nitroge. 
are  evolved.     A  battery  of  fifty  caps  gives  rise  to  ver; 
striking  effects,  but  five  or  ten  are  quite  sufiieient  to  rt 
peat  most  of  the  following  experiments. 
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Itk  Eunsen's  battery  cylinders  of  carbon  arc  used  in- 
tead  of  the  platinum,  the  best  variety  being  that  ob- 
■:ained  from  gas  retoits.     Another  modification  of  this 
'■)attery  is  that  in  which  bichromate  of  potassa  is  substi- 
tuted for  the  nitric  acid,  and  the  noxious  fumes  avoided. 
On  separating  the  polar  wires  of  such  batteries  from 
'aeh  other  a  brilliant  spark  passes,  and  if  the  separation 
1  gradual,  a  flame  constantly  proceeds  from  one  to  the 
lier,  the  light  of  which,  when  the  wires  are  of  copper, 
of  a  beautiful  green  color, 
f  on  the  surface  of  some  qnieksilver  contained  in  a 
.ss,  £^g.  12G,  we  lower  a  thin  piece  fis.  lao, 

Bteel  or  iron  wire,  eoncected  with 
\e  of  the  poles  of  the  battery,  the 
-uercury  being  kept  iu  contact  with 
the  other,  the  steel  takes  fire  and  de- 
lagratea  beautifnlly,  emitting  bright 
'iiarks,  and  the  mercury  is  rapidly  vol- 
■  vilized. 
"When  thin  metal  leaves  are  made  to 
tervene  between  the  polar  wires,  they  are  at  once  dis- 
_^>ated,  the  flames  they  emit  being  of  different  colors 
,  the  case  of  difierent  metals.     With  a  battery  of  a 
,rge  number  of  cups  a  file  may  bo  in  the  same  way  de- 

If  a  piece  of  platinum  wire  be  made  the  channel  of 

jommunication  from  one  polo  to  the  other,  if  it  does 

ot  fuse  at  once,  it  becomes  incandescent,  and  remains 

o  as  long  as  the  instrument  is  in  activity. 

"When  the  polar  wires  are  terminated  by  pieces  of 

("e-  Il-burned  charcoal  or  gas  carbon,  the  light  which 

jses  between  them  when  they  are  removed  from  con- 

■ct  ia  one  of  the  most  brilliant  that  can  be  obtained  by 

f  artificial  means.   With  powerful  batteries  the  pieces 

charcoal  may  be  separated  several  inches  apart  with- 

t,  the  light  ceasing,  and  then  it  moves  from  one  pole 

the  other  in  an  arched  form,  Mg.  127.     Six  hundred 

jells  of  Bunsen's  construction  will  give  an  arc  nearly 

What  is  the  peculiaiity  of  Bunsen's  tatlery?  What  occurs  on 
Bcparating  the  polnr  ivires?  Desoriba  tha  esperinient  Fig.  12fi. 
liaiv  maj  metal  leaves  be  deflngtatedp  What  is  seen  on  muking  a 
pialinum  wire  inteirene  in  the  circuit?  Row  is  the  Voltaic  arc 
formed,  and  what  aro'its  propuities  ? 


Hc^i^db,  Google 


156 


i  VOLTAIC  AKC. 


^.t^t.  ejgbt  inches  long,  ivhet 

the  points  are  in  a  vert: 
cal  position  with  the  neg- 
,  ative  pole  below.    Witi 
i  one  hundred  paii's  th( 
I  arc  is  only  one  inch  long. 
f  The  most  intense  light) 
ohtained  when  there 
but  a  slight  separatic 
because,  the  resistance  being  less,  more  electricity  pa:  =,5 
in  a  given  time,  and  the  temperatnre  is  higher.  The  s 
particles  of  which  the  poles  consist  are  continually  ht. 
transported  acvoas  the  interval  separating  them,  a  cav' 
being  produced  in  the  positive  pole,  which  is  in  conn' 
tion  with  the  platinum,  and  a  deposit  upon  the  negative 
which  is  in  connection  with  the  zinc.     The  flame  maj 
be  blown  out  by  the  breath  as  we  blow  out  a  candle. 

This  light  has  been  utilized  for  illuminating  purpose? 
being  employed  in  some  lighthouses,  and  more  exte 
sively  in  lecture-table  experiments.    But  the  great  c( 
and  practical  difficulties  of  its  application  have  hithei 
prevented  its  general  use. 

The  most  refractory  metale,  which  resist  the  acti 
of  furnaces  altogether,  may  be  fused  with  ease  if  plac 
in  an  excavation  in  the  carbon  connected  with  the  pi, 
tjnam,  or  positive  pole  of  the  battery.  The  negative 
pole  does  not  attain  neai'ly  as  great  a  heat,  except  wlje 
the  secondary  current  of  a  Ruhmkorff  coU  is  used. 

But,  in  a  scientific  point  of  view,  by  far  the  most  i, 
teresting  experiment  to  be  made  with  the  Voltaic  bj»'^ 
tery  is  3ie  decomposition  of  water.     Through  the  1  oo^ 


torn,  of  a  gl; 


vase  or  dish,  at  the  point  a  b.  Fig.  1 
two  platinum  wires   are  introduo- 
water-tight:  they  pass  into  the  v 
as  at  ac,i  d,  parallel  to  each  ot.' 
but  not  touching.    Over  each  of  th 
tube  is  to  be  inserted, ; 
tube  e  over  c,  and /over  d;  the  vas- 
and  tubes  being  previously  filled  ■wit^ 
water,  acidulated  slightly  to  improv. 
its  conducting  power.    Now  let  the 


Hc^i^db,  Google 


COMPOSITION  OP  WATEE.  157 

wire  ache  connected  with  the  positive  pole  of  the  Vol- 
aic  battery  and  b  d  with  the  negative,  bubbles  of  gas 
arise  in  a  torrent  from  their  extremities  and  pass  up- 
ward in  the  tubes,  displacing  the  water.    The  quantity 
jf  gas  thus  collecting  in  the  two  tubes  is  unequal,  and 
whenever  we  stop  the  decomposition,  there  will  be  found 
■n  /  double  the  quantity  which  is  in  e.    When  a  suffi- 
ent  amount  is  collected,  let  the  tube  containing  the 
nailer  portion  of  gas  be  cautiously  removed,  prevent- 
i>;  any  atmospheric  air  from  getting  into  its  interior 
closing  it  with  the  finger,  and  then,  tuniing  the  tube 
iide  down,  let  a  stieli  of  wood,  with  a  spark  of  fire  on 
^  extremity,  be  immersed  in  the  gas.     In  a  moment  the 
ood  bursts  into  a  flame,  proving  that  this  is  oxygen 
^as.    Then  take  the  other  tube,  and  allow  to  pass  into 
it  a  quantity  of  atmospheric  air  equal  to  the  volume  of 
gaa  it  already  holds ;  remove  the  finger  and  apply  -a 
light,  there  is  an  explosion.     This  shows  the  gas  to  be 
■  .ydrogen.    We  therefore  conclude  that  in  this  experi- 
lent  water  has  been  decomposed  and  resolved  into  its 
onstituent  ingredients,  oxygen  and  hydrogen ;  and  far- 
her,  that  in  water  there  is  by  volume  twice  as  much 
ydrogen  aa  there  is  oxygen  gas. 


LECTURE  XXXI. 

The  Electho-Ciiejiical  Theory. ^Theory  of  the  De- 
composition of  Water. — Decomposition  of  Salts. — 
Davy's  Discovery ^  Potassiuin,  Sodium,  etc. — 2Ke 
Electro-  GhemiccU  Tneory, — Electrolytes. — Faraday's 
Lata. — ^edfo  Electricity. — Electrotyping  and  Gal- 
vaniting. —  vompariaon  of  Enetioiial  and  Voltaic 
Eleciricity. — The  VoUameter. — Different  Species  of 


The  prominent  fact  connected  with  the  decomposi- 
tion of  water  is  the  total  separation  of  the  conatitnent 
elements  on  the  opposite  polar  wires  or  electrodes. 
From  the  positive  wire  oxygen  alone  escapes,  and  from 

How  Kit  proved  that  it  is  formed  of  oxygen  and  hydrogen?  What 
are  the  proportions  of  oxygen  and  hjdrogen  in  natJi'  ?  What  is  the 
promiaent  fact  in  the  decompo^tion  of  water  i 
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the  negative,  hydrogen.    Theve  is  no  partial  admixture, 
but  the  separation  is  perfect  and  complete. 

Though  the  polar  wires  be  separated  from  one  an- 
other by  a  considerable  distance,  the  same  result  is  uni- 
formly obtained ;  and  it  is  to  be  remarked  that  the  evo- 
lution of  gas  takes  place  on  the  wires  alone,  no  bubbles 
making  their  appeavance  in  the  intervening  space.  The 
principle  on  which  this  is  effected  may  be  easily  imde" 
stood  by  supposing  H  H  and  O  O,  Mg.  129,  to  repri 
rm-vsi.  sent  atoms  of  hydrogen  and  oxj't<? 
(>[•  -]  I  I '  I '  1"  respectively;  each  pair  of  them,  the 
nj   I   I   I   lig     foi'e,  I'epreaents  a  particle  of  wat 

^■.-  --  Now,  it  we  Elide  the  upper  row  o 

,1— M-H--'  ■  ■■I"  atoms  upon  the  lower,  as  shown  t 
'*— ^-'— *— '  hh^oo.  It  is  obvious  that  a  hydrogeii 
atom  will  be  set  free  at  one  extremity  of  the  line,  and 
an  oxygen  atom  at  the  other;  and  that,  as  respects  all  the 
intermediate  pairs  of  atoms,  thoi^h  they  have  changed 
their  places,  yet  every  atom  of  hydrogen  is  still  aseocj 
ated  with  aa  atom  of  oxygen,  constituting,  therefore, 
particle  of  water,  and  it  is  at  the  extremities  of  the  lin 
alone  that  the  gases  are  set  free.  So  in  the  polar  di 
composition  by  the  pile,  all  the  liquid  intervening  bi. 
tween  the  poles  is  Eifiected,  decompositions  and  recora 
binations  successively  taking  place,  the  hydrogen  atom; 
moving  in  one  direction,  the  oxygen  in  the  other,  iinally 
to  be  set  free  on  the  surfaoe  of  the  polar  wires. 

This  capital  discovery  of  the  decomposition  of  water 
by  "Voltaic  electricity  was  originally  made  by  Nicholson 
and  Carlyie.  It  is  by  far  the  most  satisfactory  metho'i 
of  demonstrating  the  constitution  of  that  liquid,  Aftip.'c 
it  was  made  known,  any  lingering  doubts  which  st: 
remained  on  the  minds  of  some  chemists,  in  relation  to 
the  composite  natare  of  water,  were  speedily  removed 
The  apparatus  that  they  used  was  intended  original!, 
to  determine  the  conducting  power  of  liquids,  and  cor 
sisted  of  a  tube,  into  which  wires  were  fastened  water 
tight  at  the  two  ends.  On  passing  the  current,  they 
found  that  there  was  an  evolution  of  gas  at  one  wire, 
and  that  the  copper  of  which  the  other  consisted  wasted 

Do  any  gas  bubbles  appear  in  tlie  intervening  space?  Explain 
the  non-appearanca  of  gas  except  at  the  poles.  Who  first  deeow- 
poKcil  water  Ij^  electricity?    Describe  tiia  apparatus. 
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iway.  If  tliQ  wires  avQ  of  platinum,  hydrogen  and  oxy- 
fen  collect  in  the  tube,  and  may  subsequently  be  fii-ed 
ny  a  spark  and  the  decomposed  water  recombiued. 

In  the  same  manner  that  water  ia  decomposed  by  the 
/oltaio  battery,  so  also  many  metallic  and  other  salts 
yield  to  its  influence.    Thns,  if  into  a  jar  containing  a 
'olution  of  sulphate  of  copper  two  metallic  plates  be  in- 
jduced  parallel  to  each  other,  and  one  of  them  brought 
connection  with  the  negative  and  the  other  with  the 
%  ,itive  polo  of  the  battery,  decomposition  of  the  salt 
.es  place.     The  sulphate  of  copper  is  resolved  into  its 
LStituents,  sulphuric  acid  and  the  oxide  of  copper; 
id  the  latter  is  reduced  to  the  condition  of  metallic 
jpper  by  hydrogen  simuiianeously  evolved  with  it, 
.^vising  from  the  decomposition  of  a  part  of  the  water. 
In  this  manner  the  copper  may  be  depofiited,  with  a  lit- 
tle care,  under  the  form  of  a  tough  metallie  mass. 

Becquerel  obtained  some  very  beautiful  results  by  the 
,id  of  weak  but  long-continued  electrical  currents,  illus- 
■ating  the  probable  mode  of  fovmation  of  mineral  sub- 
canoes  by  such  carrents  traversing  the  crust  of  the 
arth.  If  we  take  a  glass  tube  bent  in  the  form  of  a  TJ, 
Tig.  130,  and  close  the  bended  part  with  aping  of  plas- 
ter of  Paris,  putting  into  one  of  the  ,,v,.  ^^ 
tranches  a  solution  of  carbonate  of  soda 
and  in  the  other  of  sulphate  of  copper, 
immersing  in  one  of  the  solutions  a  zinc 
plate  and  in  the  other  a  copper,  connect- 
3d  together  by  a  piece  of  bent  wire,  the 
■/(■quids  communicate  together  through 
y  le  porous  plug,  and  crystals  of  the  don- 
le  carbonate  of  copper  and  soda  form 
iQ  the  pJate  immersed  in  the  copper  so- 
-tion.  In  the  same  manner,  othei-  compound  salts  and 
nineral  bodies  may  be  produced. 

Or,  if  we  take  ajar,  A,  JFVp'.  131,  and  fill  it  with  a  so- 
ution  of  nitrat«  of  copper  to  «,  and  then  with  dilute  ni- 
tric acid  to  B,  and  immerse  in  it  a  slip  of  copper,  C  D, 
presenting  equal  surfaces  to  the  two  liquids,  an  electric 
current  is  genei'ated ;  tlie  copper  is  dissolved  in  the  up- 

Is  M'atei-  the  only  substance  thnc  is  decomposed  by  a  Voltaic  cnr- 
rent?  Give  an  exainple.  What  were  BecquereVa  experiments? 
DesRribe  Fhj.  ISO.     Describe  Fifj.  131, 
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Fig.  131.     per  solution,  and  ia  deposited  iii  crystals  at  T> 
in  the  lower. 

Becqaerel  has  shown  that  in  the  strata  of 
the  earth  similar  actions  are  going  on ;  ant* 
others,  by  connecting  the  surfaces  of  twc 
contiguous  lodes  ofmetallio  ore  by  means  of 
■wires  attached  to  a  galvanometer,  have  sur 
ceeded  in  demonstrating  to  the  eye  the  e. 
istence  of  these  feeble  but  continuous  cu 
rents,  which  ai-e  probably  the  cause  of  'ff 
'  accumulation  of  different  metals  in  regu 
beds,  and  of  their  beautiful  crystalline  arrangement. 

As  in  this  manner  watev  and  various  saline  bodies  n 
dergo  decomposition  by  the  action  of  the  pile,  it  oceu. 
red  to  Sir  H.  Davy  that  probably  other  substances,  a. 
that  time  supposed  to  be  simple,  might  also  be  decom- 
posed. He  accordingly  subjected  the  alkaline  and 
earthy  bodies,  then  reputed  to  be  elementary,  to  the  in- 
fluence of  a  powerful  battery,  and  found  that  his  suppo 
sition  was  verified.  On  placing  a  fragment  of  canst? 
potassa  between  the  poles  it  immediately  melted  ;  fror 
the  positive  pole  oxygen  gas  escaped  in  bubbles,  an. 
from  the  negative  small  metallic  globules,  having  th 
appearance  of  quicksilver,  emerged.  These  were  char 
acterized,  however,  by  the  singular  quality  of  an  intensfe 
aifinity  for  oxygen,  so  that  they  would  take  fire  on  be- 
ing touched  by  water  or  even  ice,  and  were  so  light  as 
to  swim  upon  the  surface  of  that  liquid. 

The  results  of  Davy's  experiments  proved  that  the  al- 
kaline substances  and  all  the  earths  are  oxidized  bodie^s, 
and  in  most  instances  oxides  of  metals.  The  convulaiv  e 
spasms  of  a  frog's  legs  ended  in  showing  that  the  crab. 
of  the  earth  is  mado  up  of  metallic  oxides,  besides  re 
vealing  the  mystery  why  the  magnetic  needle  points  X 
the  north. 

On  these  principles  Davy  established  a  division  of  e 
ementavy  bodies  into  electro-positive  and  electro-nega 
tive  sabstanees.  The  former  are  those  which,  during  a 
polar  decomposition,  go  to  the  negative  pole,  and  the  lat- 
ter those  that  go  to  the  positive.     The  electro-chemical 

What  is  the  electric  stale  of  contignons  metallic  lodes?  What 
was  Davy's  great  discoTery?  What  did  liis  experiments  prove? 
What  difision  did  ho  make  of  the  e! "" " 
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theory  assumes  that  all  bodies  have  a  natural  appetency 
for  the  assumption  of  the  positive  or  negative  states  re- 
spectively, and  that  all  the  phenomena  of  chemical  com- 
ijination  are  merely  cases  of  the  operation  of  the  com- 
i-jon  law  of  electrical  attraction,  for  between  particles 
in  opposite  states  attraction  ought  to  take  place ;  and 
when  in  a  compound  body,  such  aa  water,  which  con; 
^  its  of  particles  of  negative  oxygen  and  positive  hydro- 
jn,  the  poles  of  au  active  Voltaic  battery  are  immersed, 
•e  y  will  effect  its  decomposition,  the  negative  oxygen 
■".ng  to  the  positive  pole,  and  the  positive  hydrogen  to 

negative  pole. 
i)avy'B  theory  thus  not  only  accounts  for  tlie  decom- 
jsing  agencies  of  the  battery,  but  also  for  all  common 
ases  of  chemical  combination,  referring  both  to  the  fun- 
Jaraental  law  of  chemical  attraction.    IVith  all  its  sim- 
plicity, it  ■would  be  easy  to  show  that  it  is  founded  on  a 
•groundless  assumption,  and  can  not  account  for  a  gi'eat 
imber  of  well-known  facts.     The  Voltaic  pile  can  not 
^compose  all  bodies  indiscriminately.     An  electrolyte, 
r  so  a  decomposable  body  is  termed,  must  always  be 
fluid. 

It  aiso  appears  that  all  electrolytes  must  have  a  bi- 
iry  constitution,  or  contain  one  atom  of  each  of  their 
■onstituent  ingredients.  No  elementary  body  can  be 
an  electrolyte. 

Faraday's  law  states  that  the  same  current  of  elec- 
ricity,  when  transmitted  successively  through  various 
iectrolytes,  decomposes  each  in  the  proportion  of  their 
_  espective  chemical  equivalents.    For  example,  if  water, 
^'or  lide  ofpotassium,  and  melted  chloride  of  lead  be  used, 
d  if  of  the  water  there  be  decomposed  9  parts  by 
eight,  there  will  be  165  of  iodide  ofpotassium  and  139 
/"chloridB  of  lead.    These  numbers  represent  the  atom- 
'    weights  of  the  bodies  in  question.    The  following  ta- 
3,  by  Daniell,  of  the  spectre  electricity  of  various  bod- 
;  is  based  on  the  statement  that, the  proportion  of  elec- 
tricity which  is  associated  with  a  given  weight  of  any 
substance  is  inversely  as  its  combining  proportion : 

What  does  tha  electro-chemicft!  theory  assume?  Can  the  Vol- 
taic pilo  docompose  all  Eiibstances?  Whal  is  an  clccti-olyte,  aiitl 
what  must  ba  its  composition  ?    "What  is  Faraday's  law  ? 
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Electiolytio  action  occupies  a  ^eiy  uupoi  tint  posit' 
in  the  aits.    It  is  eitensivelj  employed  aa  a  means  . 
pi ecipitating  coppei,  sihei,  gold,  lead,  zinc,  tiu,  nick. 
pl^t^D^m,  and  othei  metals  fioni  solutions  of  their  salti 
These  processes  are  called  electrotjpin^  or  galvanizing. 
If,  for  example,  it  were  required  to  obtain  a  perfect  copy 
)pper  of  one  of  the  feces  of  a  medal,  let  a  glass 
t    ""    "f.  132,  be  filled  with  a  solution  of  tl- 
sulphate  of  copper,  and  to  tl 
negative  wire,  Z,  of  a  Smet 
Voltaic  battery,  let  the  med 
N  be  atta^jbed,  alt  those  pc 
tioDS  except  the  face  designt 
to  be  copied  being  vaiiiisbei 
over  or  covered  -with  wax,  ti- 
protect  them  from  contact  with 
^  thehquid.  To  the  positive  wire 
S,  let  there  be  attached  a  maf 
of  copper,  C    As  soon  as  th'- 
a  action,  decomposition  of  the  sulphate  tal  -c^ 
place ,  metalho  eoppei  is  precipitated  on  the  face  of  tl  '" 
medal,  copying  it  ^*  ith  surprising  accuracy.     This  go| 
per  is  of  course  withdrawn  from  the  sulphate  ^n  the  Fjt 
Icition,  but,  while  this  is  going  on,  sulphm-ie  acid  ai.'^' 
oxygen  are  being  evolved  on  the  mass  of  copper,  ' 
They  thei-efore  unite  with  it ;  and  thus,  as  fast  as  cc 
per  is  precipitated  on  N,  by  oxidation  new  quantitici 
are  obtained  from  C,  and  the  liquid  keeps  up  its  strength 
nnimpaired.    In  rthe  course  of  a  day  the  medal  may  he 
removed.     It  will  be  found  incrasted  vi\W\  a  tough  red 
lis?    Describe  the 


battel  y 
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oat  of  copper,  which  may  be  I'eadily  split  off  from  it. 

t  is  a  perfect  copy  of  tlio  surface  on  which  the  deposition 

ook  place,  and  in  turn  it  may  be  used  as  a  mould  for 

btdning  a  great  number  of  casts.    Often  it  is  nndesira- 

le  to  use  the  original  coin  or  medal,  and  in  Buoh  cases 

lasts  must  bo  em^oyed.    These  may  be  made  in  fusible 

netal,  sealing-wax,  plaster,  guttarpercha,  and  a  vai-iety 

other  substances.     The  surface  may  be  caused  to  be- 

me  a  conductor  by  brushing  it  over  with  fine  plura- 

^;o  or  black-lead,  or  else  by  dipping  it  in  a  weak  edn- 

1  of  phosphorus  in  ether,  and,  when  the  ether  baa 

porated,  Immersing  it  in  a  solution  of  nitrate  of  sil- 

■-    This  leaves  a  thin  film  of  I'educed  silver  on  the 

I'facc. 

Silver-plating  ia  accomplished  from  solutions  of  chio- 
ide  of  silver  in  cyanide  of  potassium ;  Riding,  from 
ihloride  of  gold  in  cyanide  of  potassium.    The  metals, 
IS  deposited,  have  a  dead  or  frosted  appearance,  and  re- 
ure  to  be  polished  or  burnished,    A  small  quantity  of 
sulphide  of  carbon  in  the  bath,  however,  causes  the 
.posit  to  assume  the  lustre  of  the  polished  metal. 
The  extent  to  which  electrotyping  has  come  to  be  ap- 
ed in  the  arts  may  be  appreciated  from  the  fact  that 
the  publishing  establishment  of  Hai-per  and  Brothers 
ooks  are  now  altogether  printed  from  copper  electro- 
,ype  easts  of  the  type  and  wood-cuts,  the  type  them- 
■elves  being  only  used  in  printing  tbe  proof-sheets.    As 
consequence,  typography  ia  greatly  improved. 
The  electricity  developed  by  frictional  means,  such  aa 
oeplate  machine,  can  produce  effects  similar  to  those 
•^f  Voltaic  combinations ;  the  quantity  that  is  required 
however,  very  great.    Faraday  estimates  that  800,000 
acharges  from  a  Leyden  battery  of  3600  square  inches 
-'surface  would  be  required  to  decompose  n  single  grain 
'  water,  yet  every  discharge  would  be  competent  to  kilt 
••mall  animal.    The  difference  between  the  two  is,  that 
,i!e,  in  the  Voltaic  action,  the  quantity  is  great,  the  in- 
ensity  ia  but  amalj,  while  in  the  electricity  of  the  ma- 
ihine  the  reverse  is  the  case. 

How  may  Ciists  of  itiecltils  be  employed  f  From  what  solution  is 
silver  tleposited?  rrom  what  folution  gold?  Wliat  is  tlio  appeiu'- 
ance  of  the  metal  at  first?  Of  what  aso  is  electrotyping  in  printing? 
What  ia  the  difference  between  frictional  and  Voltaic  electridtj? 
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An  instrument,  the  Voltameter,  was  invented  by  Fai 
aday  for  measuring  quantities  of  Voltaic  electricity,  li 
ia  represented  in  Fig.  133.     It  consists  of  a  glass  jar 


a  5,  filled  with  dilute  sulphunc  acid  From  its  neck  a 
tube,  c,  conveys  the  disengaged  gases  to  a  graduatp 
jar,  d.  Through  the  bottom  of  tz  5  two  wires,  conne' 
ed  with  platinum  plates,  pass.  By  means  of  mercui 
cups  connection  can  be  made  with  tbo  battery  to  ' 
measured,  and  the  amount  of  the  evolved  gases  reg 
tera  the  qnantity  of  electricity  produced. 

With  a  given  amount  of  metallic  surface,  we  can  pr' 
duce  Voltaic  batteries  having  difierent  qualities.    Thuo 
if  we  take  a  square  foot  of  copper  and  a  square  foot  of 
zinc,  and  place  between  them  a  piece  of  wet  cloth,  w 
shall  have  a  battery  which  can  not  give  shocks  nor  r 
feet  the  decomposition  of  water,  but  which  will  cause, 
fine  metallic  wire  to  become  white-hot  or  even  to  ft  vs©- 
If,  again,  we  take  a  square  foot  of  copper  and  a  squr 
foot  of  zinc,  and  cut  each  into  144  plates  an  inch  squat 
and  arrange  them  with  similar  pieces  of  cloth  as  a  Vt. 
t^c  pile,  the  instrument  will  give  shocks  and  decompo- 
water  rapidly.     From  the  same  quantity  of  metai  t-i 
different  species  of  battery  may  he  made,  one  eonsisti. 
of  a  few  plates  of  large  sm-face,  or  one  of  a  great  num 
ber  of  alternations  of  small  plates. 

Of  these  varieties  of  batteiy,  the  calorimotor  of  Dr. 
Hare  is  an  example  of  the  first.     It  consists  of  a  series' 
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zinc  plates  all  connectecl  together,  and  a  series  of  cop- 
;r  also  similarly  connected,  constituting  tberefore,  in 
lality,  a  single  pair  of  very  lar^  surface.  The  great 
.loant  of  heat  evolved  by  this  apparatus  is  its  pecn- 
.rity. 


LECTURE  XXXII. 

.■?;■  's  Theory  of  the  Voltaic  Pule. — Ekctrornotwe 

Tree  and  Resistance. —  Genei'al  I>aw  of  the  JForce 

the  Current. —  The  Mheostat. —  Conductivity  of 

■ylids  0!M(7Xi2M*(?s.^'— Magnetism. — F}i£,n<yn%ena  and 

jcms  of  Magnetic  Induction. — Imparting  of  Mag- 

letisni. — Electro  -  Magnetism. —  Oefrsted's  Discov- 

mes. —  T/ie  Galvanometer. — Elecirie  Motations. — 

Electro- Magnets. — Morsels  Telegraph. — Magnetism 

and  Diamagnetiam. 

.'he  phenomena  of  the  electric  cun-ent  are  accounted 
oy  the  aid  of  an  hypothesis  of  which  the  following 
n  exposition : 

Ohm's  Theoby  op  the  Voltaic  File. 
,8t.  By  EtBCTEOMonvE  Pokcb,  we  understand  the 
■:ses  which  give  rise  to  the  electric  current ;  this,  as 
I  have  explained  in  the  simple  circle,  is  the  oxidation 
the  zinc. 

Id.  By  Resistance,  we  mean  the  obstacles  which 
current  has  to  encounter  in  the  bodies  through 
'/ch  it  passes. 

^'  ."hen  we  affect  the  electric  current  in  any  portion 
,s  path,  either  by  varying  the  electromotive  force 
changing  the  resistances,  we  simultaneously  affect  it 
O'aghout  the  whole  circuit,  bo  that  in  a  given  space 
'ime  the  same  quantity  of  electricity  passes  through 
■  transverse  section  of  the  circuit. 
J  any  Voltaic  circle,  simple  or  compound,  the  force 
the  cuiTcnt  is  directly  proportional  to  the  sum  of  all 
_ie  electromotive  forces  which  are  in  activity,  and  in- 
drsely  proportional  to  the  sum  of  all  the  resfctancea ; 
hat  is  to  say,  the  force  of  any  Voltaic  cun-ent  is  equal 
leant  by  re- 
st? 
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to  the  sum  of  all  the  electromotive  forces  divided  ) 
all  the  resistances.  The  resistance  to  conduction  of 
metal  wire  is  directly  as  its  length  and  inversely  as  >' 
sectioQ  ;  that  is  to  say,  the  longer  the  wire  is,  the  grei 
er  its  resistance ,  lud  the  thitkei  it  is,  the  less  its  i 
.  sistance. 

If  we  augment  oi  diminish  in  the  same  proport 
the  electromotive  foices  and  the  lesistances  of  a 
taic  cu-cnit,  the  force  of  the  cuiTent  will  remain 
same;  if  we  inciease  the  electiomotiie  foice,the    '•^ 
of  the  carreat  mci eases ,  if  m  e  increase  the  lesista 
the  force  of  the  current  diminishes. 

If  in  two  Voltaic  circles  of  a^nal  force  the  same 
sistance  be  introdnced,  the  forces  of  the  cuiTentsmay 
enfeebled  in  very  diiferent  proportions;  for  the  newi 
introduced  resistance  may  m  one  of  the  circles  bear 
great  proportion  to  the  resistance  already  existing,  an. 
in  the  other  a  very  insignificajit  proportion. 

The  following,  therefore,  is  the  general  law  which 
termines  the  force  of  a  Voltaic  circuit : 

let.  The  electromotive  force  varies  with  the  nnml 
of  the  elements,  the  nature  of  the  metals,  and  of  the  ' 
uids  which  constitute  each  element,  but  it  does  noi 
any  manner  depend  on  the  dimensions  of  their  parts. 

2d.  The  resistance  of  each  element  of  a  Voltaic  t 
cnifc  ia  directly  proportional  to  the  distance  between  tl 
plates  as  occupied  by  the  liquid,  the  rosistance  of  t 
liquid  itself,  and  the  length  of  the  polar  i\  ire  connect! 
the  ends  of  the  circuit ;  and  inversely  proportional 
the  surface  of  the  plates  in  contact  with  the  liquid,  ■  sv" 
to  the  section  of  the  connecting  wire. 

3d.  The  force  of  the  current  is  equal  to  the  elec 
motive  force  divided  by  the  resistance. 

The  instrument,  Jf??^.  134,  serves  to  illustrate  the' 
sistance  imposed  by  different  metals  in  a  Voltaic  ' 
rent,  and  to  demonstrate  that  heat  lessens  the  cond 
ing  power  of  a  wire.     It  consists  of  a  Voltaic  hatte. 
the  terminal  wires  of  which  go  to  a  brass  stand,  whei 

What  idWhe  law  of  resialanca  in  a  wire  ?  How  does  the  force  o. 
a  current  change  tvith  clianges  in  the  electromotive  force  and  tli 
rewatanco  ?  Wlien  a  new  resiatauoe  is  introdnced  into  two  circles, 
must  they  be  affected  alike?  Give  the  general  Inw  of  the  force  of  a 
circuit.    What  does  (he  spparatna  Fig.  134  illnslrale? 
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'hey  aye  connected  liy  a  tbin  spiral  of  platinum  wire. 
\b  the  current  passes,  the  platinum  spiral  is  caused  to 


o\v.    One  of  the  terminal  wives  is  of  platinum,  and 

.is,  too,  is  raised  to  redness.    If  now  that  wife  be  grad- 

.ally  immersed  in  a  vessel  of  water,  "W,  so  as  to  be  re- 

'ucedin  temperature,  more  electricity  will  pass  through, 

9  is  shown  by  the  fact  that  the  platinnm  spiral  becomes 

■ore  and  more  intensely  ignited,  and  may  even  be 

jsed. 

Wheatstone's  Rheostat  is  a  contrivauce  for  increasing 

•  resistance  in  a  Voltaic  circuit.    It  consists  of  coils 

fine  wire  arranged  in  lengths  of  hundreds  of  feet,  and 

.  which  one  or  more  can  be  introduced  into  the  circuit. 

■  me  one  combination  is  used  as  a  standard,  and  others 

3  compared  with  it  by  the  aid  of  the  deflections  of 

jalvanometer,  the  number  of  feet  of  wire  necessary 

J  reduce  the  deflections  to  the  eamo  amount  being 

The  following  tables  exhibit  the  conducting  power 
of  solids  and  liqnids: 

Lit?    Describe 
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Silver 100     I    Lithium 19 

Copper 7T         Ii'on 14 

Sodium ■  37         Palladium 13 

Almninum 33         Flatinam 10 

Magnesium 25         Strontium 7 

Calcium 23         Mercury 1.6 

Potassium 21     ]     Tellurium 0008 

Saturated  Solndon  of  Sulphate  of  Copper 1 

(diluted  ivith  an  equal  bulk  ofWater) .(ii 

(     "         "    t\y;ee  its  bulk  of  Water) Ai 

(      "         "    four  times  its  bulk  of  Water) .31, 

DisiilJed  Water .00 

Platinum  Wire 2,500,000 

Magnetism. 
Many  centuries  ago  it  Tras  discovered  that  a  certa. 
ore  of  iron,  which  now  passes  trader  the  name  of  th 
magnet  or  loadstone,  possesses  the  remarkable  qualit; 
of  attracting  pieces  of  iron.    Subsequently  it  waa  found 
tliat  the  same  power  conld  be  communicated  to  bars  f(f 
steel  by  methods  to  be  described  hereafter. 
Fig.  135.      Bars  of  steel  so  prepared  pass  under  the  na: 

tof  artificial  magnets;  when  they  are  of  sm; 
size  they  are  commonly  called  needles.    A  m:,' 
netio  bar  bent  into  the  shape  represented 
.FV^.  135  is  called  a  horse-shoe  magnet;  andse 
eral  magnets  applied  together  take  the  name  i 
compound  magnets,  or  a  bundle  of  magnets. 
The  Chinese  discovered  that  when  a  magneti 
■     needle  is  poised  on  a  pivot,  as  at  C,Mg.  136,  . 
iloatcd  on  water  by  a  piece  of  cork,  that  it  spontaneon 
ifin.  i3(i.  ly  takes  a  direction  nor^jV 

and  south,  and  if  purpc  «'' 
— Tj  ly  disturbed  from  that  \ 
sition,  it  returns  to  it  agK 
after  a  few  oscillation 
To  that  end,  N",  whi 
points  toward  the  nor 
the  name  of  north  pole 
given ;  the  other,  S,  is  th' 

suspended  tbo  fundamental  fact  of  the 

What  is  the  relative  conducting  power  of  the  inetals?  What  are 
the  properties  of  a  magnet?  What  is  its  eilect  on  steel?  Describe 
the  properties  of  the  magnetic  needle. 
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attraction  of  i»  magnet  for  iron  is  verifietl.  Present  a 
oiass  of  iron  to  eitEer  extremity  of  the  needle,  and  the 
needle  instantly  moves  to  meet  it.  If  a  bar  magnet  be 
hrought  near  a  nail  or  a  mass  of  iron  filiogs,  tlie  iron 
will  be  suspended. 

That  these  effects  take  place  through  glass,  papei, 

and  solid  and  liquid  substances  generally,  may  be  thus 

itablished :  A  quantity  of  iron  filings  being  laid  on  a 

•me  of  glass,  if  a  magnet  be  approached  beneath,  the 

■ngs  fo!low  its  motions ;  but  if  a  plate  of  iron  mter- 

le,  the  magnetic  influence  is  almost  wholly  cut  off 

The  power  of  a  magnetic  bar  is  not  equal  m  all  paits 

evG  is  a  point  situated  near  each  end  whieh  seems  to 

i  the  focus  of  action.     To  these  points  the  names  of 

joles  are  given,  and  the  line  joining  them  is  called  the 

If  abar  magnet  be  rolled  m 

•ron  filings,  they  attacli  them 

-ilves,  for  the  most  pai't,  it 

•e  two  poles  f^  d,  Fig.  137 

.  if  such  a  bar  be  placed  undoi  a  thett  of  pastcbnaid 

a  the  surface  of  which  iron  blmgs  aie  dusted,  they  .ii- 

,nge  themselves  in  curved  lines,  as  shown  in  Fig.  138. 

hich  are  symmet-  -       - 

cally  situated  as 

espects  the  poles    '^%. 

-V.  ^- 

When,  instead  of  ^^ 

ireaenting  to  a  sus- 

>nded    needle     a 

jce    of  iron,  we 

asent    to    it    an- 

!ier  magnet,  phe- 

omena    of  repul- 

n  as  well  as  of  ai        t 

■  one  be  presented  ._  ...o  lo  . 

ision  takes  place,  and  the  same  occurs  if  two  south 

•oles  are  presented  ;  but  if  it  be  a  north  and  south  pole, 

then  attraction  takes  place. 

What  occurs  on  presenting  a  piece  of  iron  to  a  needle  ?  Do  these 
jffoots  take  place  through  non -con ducting  snljslances  f  Where  nie 
Jie  foci  of  action  ill  a  magnet?  What  occiub  on  lolling  a  ha  i  mag- 
not  in  Iron  filings  f 


1  ti 


1  1  h 
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These  results  may  be  gronped  together  under  tlie 
simple  law,  '•'•Like  poka  repd,  and  unltke  ones  attract." 

There  is  therefore  an  antM;oiiizatioii  of  effect  between 
opposite  magnetic  poles.  If  a  key  be  suspended  to  ; 
maguet  by  its  north  pole,  on  the  approach  of  the  sootV 
pole  of  one  of  equal  force  it  drops  off. 

If  we  examine  the  force  of  a  magnet,  commencing  at 
either  of  its  poles  and  going  toward  its  centre,  the  i 
tensity  gradually  declines:  it  ceases  altogether  aboi 
midway  between  the  poles.    This  point  is  termed  I" 
point  or  line  of  magnetic  indifference. 

Magnetism  may  be  excited  in  both  iron  and  steel ; 
the  former  with  greater  rapidity,  in  the  latter  mi 
slowly.     The  magcetism  which  soft  iron  has  received 
instantly  loses  on  being  removed  from  the  source  whicj 
has  given  it  magnetism,  but  steel  retains  its  virtue  per 
manently.    Soft  iron  is  therefore  transiently,  hard  stee' 
permanently  magnetic. 

When  a  mass  of  iron  is  in  contact  with  the  pole  oF 

magnet  it  obtains  magnetism  throughout  its  whole  mar 

and  can  in  the  same  manner  commanicate  a  similar  qu. 

ity  to  a  second  mass  brought  in  contact  with  it,  and  t^^ 

to  a  third,  and  so  on.     Thus,  if  from  the  pole  of  a  ma. 

net  a  key  be  SQspended,  this  will  suspend  a  second,  au 

that  a  third,  etc.,  until  the  weight  becomes  too  gi-eat  ft 

the  magnet  to  hold.  If,  having  two  or  three  keys  thus  sus 

pended,  we  take  hold  of  the  uppermost  and  gently  slid 

away  the  m^;n§l,  the  moment  it  is  removed  the  keys  e' 

fall  apart,  showing  the  sudden  loss  of  power  in  soft  iron 

Fin.  iss.       -A  mass  of  iron  can  receive  magnetisin  at  a  d' 

fU-j  taiice  from  the  magnet  itself.     To  this  phenon 

I  $H  lion  tlie  name  ofiT^iiction  is  given ;  and  this  c 

j  T  taiice  through  which  this  effect  can  take  place 

L       called  the  magnetic  atmosphere.    The  general  e 

E       feet  of  induction  may  be  exhibited  by^  bringinj^ 

^3)    powerfulmagnet  nearalargekey,  as  mMff.lt- 

^F     when  it  will  be  found  that  the  large  key  will  si 

^      port  smaller  ones;  but  as  soon  as  it  is  remove* 

Whftt  is  tlie  law  of  magnetic  attraction  nnd  tepnlsion?  What  if 
tlie  point  of  magnetic  indifference?  What  is  tlio  diffcience  between 
the  magnetism  of  soft  iron  and  steel  ?  What  resnita  on  bi-inging  iroi 
in  contact  with  a  magnet?  Wliat  is  induced  magnetism?  Explain 
the  term  magnetic  atmosphere. 
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'ram    the   iufluunce    of   the    magnet    these    all    drop 
off. 

When  magnetism  is  thus  induced  by  the  action  of  a 
given  pole,  that  end  of  the  disturbed  body  whiuh  is 
'carest  to  the  polo  has  an  opposite  polarity,  but  the 
.aithest  end  has  the  same  polarity  as  the  disturbing 

The  force  of  magnetic  action  varies  with  the  distance. 

has  been  proved  by  Coiilomb  and  othevs  that  the  jn- 

"sity  of  magnetic  action  is  inversely  proportional  to 

squares  of  the  distance-    At  twice  a  given  distance 

S  therefore,  one  fourth,  at  three  times  a  ninth,  etc. 

3oth  magnetic  polarities  must  always  simultaueousiy 

,cur.     We  can  never  liave  north  magnetism  or  sontJi 

iiagiietism  alone.    Thus,  if  we  take  a  long  magnet,  N  S, 

Fifj.  140,  and  break  it  in  two,  we  shall  not  insulate  the 

north  polarity  in  one  jvu.  no. 

lalf  and  the  south  in       Tt s 

e  other,  but  each  of         | J 

'■„    '»■<'•=",  »»S»»M    ,. s'       T,. S' 

,11  be  perfect  in  it-     i — — ^       t — — 1 

If,  having  two  poles,      ' ^        ' 

.e  fragment  being  N'  S',  and  the  other  N"  S". 

When  the  poles  of  a  magnet  are  polished  and  cover- 

■X  with  smooth  plates  of  iron,  the  magnet  is  said  to  be 

irmed.    The  piece  of  soft  iron  which  passes  from  pole 

>  pole  of  a  horse-shoe  magnet  is  called  a  keepei'.     The 

ower  of  a  magnet  is  measured  by  the  weight  its  poles 

.ve  able  to  cany. 

There  are  many  ways  in  which  magnetism  can  he  im- 

i-ted  to  needles  or  steel  bars,  as,  for  example,  by  con- 

't,  by  induction,  by  certain  movements.    By  the  aid 

Voltaic  currents,  hereafter  to  be  described,  the  most 

f^nse  magnetic  power  can  be  communicated. 

The  process  of  magnetization  by  the  single  touch  is 

>.t  in  which  weplace  one  pole  of  a  magnet  in  the  mid- 

.  of  a  steel  bar  and  draw  it  toward  the  end ;  then, 

iiing  it  up  in  the  aii-,  return  it  to  its  former  position,  and 

i-epeat  the  movement  several  times.    The  magnet  is  now 

What  is  the  law  of  decrense  of  magnetic  ilctionf  Cnn  ive  isolate 
.oith  or  sotitli  magnetism?  How  is  a  magnet  armed?  HoivisniBg- 
ifltism  commnnicated  to  n  slasl  bar  ?  Desci'ihc  tlie  piocess  by  sin- 
gle touch. 
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to  be  reversed,  and  in  that  position  moved  to  the  oppo 
site  end  of  the  bar,  lifted  up  in  the  air,  roplacecl,  and  tin 
movement  many  times  repeated.    The  bar  thus  become 
a  magnet,  each  end  having  a  pole  opposite  to  that  bj 
which  it  was  touched.     Or  we  may  place  two  magnet 
with  their  opposite  ends  in  the  middle  of  the  bar,  ani. 
then,  drawing  them  apart  in  opposite  directions,  the 
same  result  arises.     A  still  more  powerful  magnetis 
may  be  given,  if  the  bar  to  be  magnetized  is  laid  on  t! 
poles  of  two  magnets,  so  that  the  contrary  poles  of 
magnets  and  bar  coincide. 

In  the  (louiU  touch,  two  bar  magnets  are  so  tied 
gethar  that  their  opposite  poles  may  be  maintaioe. 
short  distance  from  one  another.    This  combination 
then  placed  on  the  middle  of  the  bar  to  be  magnetize* 
and  drawn  toward  its  end ;  but  as  soon  as  it  reache; 
that  without  passing  over  it,  it  is  returned  to  the  othe'- 
end  with  a  reverse  motion  and  then  back  again ;  aa- 
after  this  has  been  done  several  times,  the  process 
euded  by  drawing  the  combination  off  sideways  w^ 
it  is  at  the  middle  of  the  bar. 

The  magnetism  of  a  bar  is  reduced  by  percussit 
scratching,  or  filing,  and  by  heat  a  steel  bar  may  be  -. 
tally  demagnetized.  So,  too,  a  mass  of  iron,  if  rais- 
to  redness,  becomes  indifferent  to  the  presence  of  a  ma; 
netic  needle,  though  on  cooling  it  is  as  active  as  ever. 

Of  ELEcrpKO-MAGNETisir. 

In  1819  it  was  discovered  by  Oersted  that  if  a  ma 
netic  needle  be  brought  into  the  neighborhood  of  a  w 
along  which  an  electric  current  is  passing,  the  needli 
at  once  disturbed  from  its  position,  and'  tends  to  se' 
self  at  right  angles  to  the  wive.  If  there  be  an  elect 
current  moving  in  the  direction  A  B,  S^iff.  141,  i.v 
wire,  and  directly  over  the  wire  and  parallel  to  it  th 
be  a  suspended  needle,  as  soon  as  the  current  passes  ' 
needle  is  deflected  from  its  position,  and,  if  the  curr, 
be  sufficiently  powerful,  comes  at  right  angles  to  th 
wire.  The  direction  in  which  the  transverse  motioi 
takes  place  depends  on  the  relative  position  of  the  neo 

DoEcribe  rangnetizing  hj  double  toucli.  How  may  magnetism  ). 
rednce<l?  Describe  what  ooouvs  on  bringing  n  nendle  nenr  a  ooi 
ductioenirc.    How  docs  the  position  of  the  needle  affect  the  (esult; 
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die  and  tlio  wire.    Thus,  1st,  if  the  w 

needle  and  parallel  to  it,  the  pole 

iiext  the  negative  end  of  the  bat- 

'xvy  moves  ivestward ;  2d,  if  the 

wire  be  beneath  the  needle,  it  will 

jiove  eastward ;  8d,  if  the  wire  be 

on  the  east  aide  of  the  needle,  the 

o.ole  is  elevated ;    4th,  if  on  the 

^est,  it  is  depressed.    In  aJl  these 

^sitiona  the  teudency  ia  to  bring 

1  needle  at  right  angles  or  trans- 

.•se  to  the  wire. 

It  follows,  from  these  facte,  that 
.  a  magnetic  needle  be  placed  in 
:he  interior  of  a  rectangle  of  wire, 
Mff.  142,  through  which  a  current 
is  made  to  flow,  all  the  portions  of  thi 
move  the  needle  in  the  ^ 

ime    direction.     Tlif 
Tect,    therefore,    be- 
jmea    much    greatfi 
han  in  the  case  of  ,i 
ingle  continuous  wii'o. 
On  the  same  princi- 
jie,  if,  instead  of  a  sin- 
gle turn,  the  wire  is  re- 
.  peatedly  coiled  upon  itself,  a; 
■  o  make  a  great  many  turns, 
.ho  effect  upon  the  included 
5(;edle,  n  s,  is    greatly    in- 
oi-  eased ;  and  when 

9  is  made  neai-iy  astatic, 

.at  is  to  say,  its  tendency  to  point  north  neai'ly  d 
;royed,  by  arranging  it  upon  an  axis  with  another  nee- 
3  similar  to  it  m  all  respects,  but  with  its  polea  re- 
S'reed,  iK  N  S, « 91,  Fiff.  144,  the  directive  tendency  of 
e  one  needle  neutralizing  the  other,  but  both  tending 
^o  turn  in  the  same  direction  by  the  current  in  the  coil 
of  wire,  inasmnch  as  one  is  within  the  coil  and  the  oth- 
er above  it,  the  arrangement  forms  a  most  delicate 
means  of  discovering  and  measuring  an  electric  current. 
It  is  called  a  galvanometer. 

tenor  of  a  rectangle? 
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As  iiction  siiiil  reaction  are  always  equal  and  conti'ary, 
if^^  ^ji  it  is  obvious  that  if  a  conducting 

wire  be  movable  and  the  magnet 
stationary,  the  latter  can  be  made 
to  impress  motions  on  the  former. 
Conducting  wires  may  be  made 
to  revolve  around  the  poles  of  a 
magnet,  or  the  pole  of  a  magnbV 
iiound  a  conducting  wire.    Th«' 
m  a  glass  cup,  Fig.  145,  let  a  mp 
net,  n,  be  fixed  vertically,  and  t 
i.up  filled  with  mercnry.    By  mea 
it  a  loop,  a,  let  a  conducting  wire, 
3  suspended,  having  perfect  fret 
f  dom  of  motion.     If  an  electric  cur- 
t  is  made  to  pass  down  thia 
'  w  ii'e  through  the  mercury  and  es- 
cape by  the  pitli  (1,  the  wire  rotates  round  thepole  ii  p5 
long  IS  the  cuiTent  passes.    From  th ' 
and  similar  experiments  it  therefore  a 
peais  that  the  force  exerted  between 
conducting  wire  and  a  magnet  is  not 
direct  attractive  or  repulsive  power,  bn 
one   continually  tending  to  turn  th 
movable  body  round  tbe  stationary  one, 
deflecting  it  continually  and  acting  iu  a 
tangentiS  direction.    Hence  it  is  some 
times  spoken  of  as  a  tangential  force. 

If  round  a  bar  of  soft  iron  a  conduct 
ing  wire,  covered  over  with  silk,  be  sjriv 
rally  twisted",  as  in  Fig.  146,  wlienevi  ii" 
an  electric  current  is  passed  the  ir' 
becomes  intensely  magnetic,  and  lost 
its  magnetism  as  soon  as  the  cuitdt- 
stops.     A  bar  an  inch  in  diameti 
bent  so  as  to  represent  a  horee-shc--' 
Fig.  147,  with  a  wire  covered  wi 
silk  for  the  purpose  of  separating  its 
successive  sti'ands  from  each  other. 

On  ilie  same  principles  can  the  wire  be  made  to  move?  Desciibe 
11  method  of  Ehowing  rotalion  of  a,  ivira  round  the  pole  of  a  magnet. 
V/hnt  is  the  nature  of  the  force  exerted  between  a  conducting  wire 
nnd  R  magnet?  Describe  the  construction  and  ]>ropertics  of  a 
straight  olcctro-mn!;nol.      Describe  tlic  horsc-ahoe  electro-magnet. 


I. 'Ogle 


may  be  made  to  give  rise  to  very  striking  resnlts. 
Professor  Heniy,  by  a  modification  of         ^j,  1^7, 
the  condttctiDg  wire,  succeeded  in  im- 
parting so  intense  a  degree  of  magnet- 
ism to  a  piece  of  soft  iron  tliat  it  could  j' 
jupport  more  than  a  ton  weight.    If  un- 
der one  of  these  ELECTKChMAGNETs  a 
•;'  ishful  of  small  iron  nails  be  held,  tho 
■oment  the  ouiTent  passes  the  nails  au 

■  attracted,  and,  while  they  are  held  L\ 
poles,  may  be  moulded  by  the  hand 

carious  shapes,  but  as  soon  as  the  cui 

Jt  stops  they  all  fall  off. 

It  ia  upon  this  principle  of  producing 
i,emporaiy  magnetism  by  an  electric  cui 
.■ent  that  Morse's  electric  telegi-aph  de 
jends.     In  Mff.  H8,  m  m  is  an  electro  magnet,  with  its 


oles  upward.  The  wires,  "WW,  from  the  distant  sta- 
in induce  magnetism  in  it,  and  draw  down  the  soft 
.ron  keeper,  a.  At  the  same  time  the  clock-work,  c,  is 
jet  going,  and  a  strip  of  paper, /jy,  is  drawn  steadily 
forward  in  the  direction  of  the  arrows.  Whenever  a 
current  passes,  and  the  keeper  a  ia  depressed,  the  point  s 
is  forced  upward  against  the  moving  paper.    If  the  car- 

of  Morse's  telegraph  ? 
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rent  ia  l)wt  momentavj',  a  dot  only  is  made  on  the  pa- 
per, but  it'  it  continue,  a  line  is  formed.  Morse's  tele 
gi-aphic  alphabet  consists  of  a  set  of  such  dots  and  lines 
which  by  varied  grouping  represent  the  various  letters 
and  Jignies  Espeiienced  operators  do  not,  however 
lequiie  thep^pLi  stnp  but  learn  to  distinguish,  by  th. 
J     j4  clicking  sound  of  the  kee'^ 

cr  falling  on  the  magnt^'' 

\\  hat  the  transmitted  w 

sige  is. 

When     d  liferent     f 

stances  are  svisp ended 

tions  of  a  iiorse-shoe  ele. 
tro-magnet,  in  the  magnet 
ic  fleld,  as  it  is  termed,  i 
1=1  found  that  some  arrang 
themselves  from  pole  'c 
pole— that  is,  axiaUy,  ai 
others  transversely  lo  tl 
position,  equaioriaUy.  Tt 
former  are  called  niagnt 
ic,  and  the  latter  diama, 
netic  bodies.  In  Mg.  14 
&  is  a  bar  of  bismuth 
which,  being  diamagnetic 
has  arranged  itselfequatorially  between  the  poles  of  th 
electro-magnet,  N  S.  It  ia  suspended  by  a  fibre  of  U" 
spun  silk,  c,  so  as  to  turn  freely.  The  following  table  . 
a  list  of  magnetic  and  diamagnetic  bodies,  those  at  t^«' 
beginning  having  the  properties  most  strongly  mai'te-  ^ 

Diatnagnetio  Sadies. 


he 

Ivon.  Palladium, 

Hickcl.  Crown  Glass. 

Cobalt.  Platinum. 

Manganese.  Osminni. 

Chromium.  Oxygon. 

Cerium.  Etc. 
Titanium. 


Bismutii. 
I'hospJioi'ns. 
Antimony. 
Zinc. 


t,  Glass-. 
Meronvv. 
Lead.  ■ 
Wood, 


The  diamagnetism  of  gases  was  shown  by  Faraday  by 

Ta  the  paper  strip  neceesaiy?  What  are  magnetic  and  diamag. 
netie  bodies  ?  Describe  f^ff.  149.  How  did  Fnrnday  rIioiv  the  dia- 
magnetism of  i;asce  t 
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Ill 


1  iiioiBtened 


the  aid  of  the  apparatus,  Mg.  160.    A  tube  conveyed 

the  gas  to  be  examined  into  the  tH^.vx. 

magnetic  field.     Above  it  thre 

other  tubes  were  arranged  s 

that,    under    ordinary    circuii 

stances,  the  gas  passed  into  the 

jTiiddle  one ;  but,  when  the  iioti  - 

was  magnetized,  if  the  gas  wei  e  a 

iiamagnetic,  it  passed  into  the 

'de  tubes.    The  \ 

'.own  by  placing  a  little  am- 

jonia  in  the  lower  tube,  and  strips  of  p 
rt-ith  hydrochloric  add  in  the  others. 

A  taper  burning  in  the  magnetic  field  has  its  flame 
spread  out  eqiiatorially,  and  the  flame  may  even  be  di- 
vided into  two  parts.  The  same  body  may  be  caused 
to  become  either  magnetic  or  diamagnetic,  by  changing 
,the  medium  by  which  it  is  suiTOunded.  Magnetism 
also  exerts  an  influence  on  polarized  light  transmitted 
.hro^gh  certain  transparent  bodies.  This  may  be  shown 
by  placing  them,  while  under  examination,  in  the  mag- 
netic field.  The  beam  is  caused  to  rotate  to  an  extent 
which  depends  on  the  nature  of  the  body  and  the  inten- 
sity of  the  magnetism. 

If  a  copper  cylinder,  Fig.  15i,  filled  with  fusible  metal, 
be  so  arrjinged,  r.,-,  i^:! 

by  the  aid  of 
the  band  SS,aa 
to  rotate  rapid- 
/'y  in  the  mag- 
.letio   field,  the  I 

esistance  to  i! 

notion     is     s 

r^-eat  that  it  will  seem  to  be  grasped  by  an  invisible 
jiand.  On  continuing  the  rotation  for  a  few  minutes, 
the  heat  developed  will  be  sufficient  to  melt  the  con- 
tained alloy,  which  may  he  poured  out  npon  the  table. 

What  ia  the  effect  on  a,  taper  in  the  mngnetio  field  ?  How  may 
the  effect  of  mne'ietism  be  damoiiatraied.  by  polarized  light?  De- 
scribe ^0  espoiiment,  Fig.  IQl. 
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LECTURE  XXXni. 

Elkctmo  -U  yn Aiucs . — Ampere's  IHscovenj. — Properties 
of  a  Helia-^ — Gattse  qf  Magnetism. — ihrada^/'s  Dis- 
covery of  Magnetic  SleetriGi^. — Magnetic  Machines.. 
— Muhmkorff'a  Coil. —  Geiseler'a  lubes. — -Thermc 
Electbicitt. — Prodv/ition  of  MhcPricity  by  Seat.- 
Thermo-£!lectric  Piles. — Melloni's  File  and  The. 
mometer. — Draper's  Improvements  in  Thermo-Eh 
trie  Pairs. — Asimal  Electricity. — The  Torpedo. 
Soon  after  the  relation  between  electricity  and  mag- 
netism was  established  by  Oersted,  Ampere  discovered 
tbat  there  are  reactions  between  the  earrents  them- 
selves.    Two  electric  currents  flowing  in  tbe  same  di- 
rection attract  each  other,  but  two  electric  currents 
flowing  in  opposite  directions  repel.     "Like  current- 
attract,  uplike  ones  repel," 
If  a  conducting  wire,  a  b.  Fig.  152,  be  bent  in  the 
fonii  of  a  helix,  n  s 
its  ends  retnrninj 
toward  its  middle, 
it  exhibits  all  the 
properties    of  ar. 
ordmary   magnet- 
ized bar.    As  soor 
as     the      current 
passes,  being  fre'y 
]y    suspended,    .  ' 
points    north    an 
south,  and   is    a 
^  traded  and  repc>\ 
led  by   the   pok 
of  a  magnet,  JHst  as  though  it  were  a  magnet  itself 
Another  arrangement,  called  De  la  Rive's  ring,  for  ii 
lustrating  the  same  effect,  is  seen  in  Fig.  153.    A  small 
simple  circle,  consisting  of  a  zinc,  Z,  and  a  copper  plate, 
C,  connected  by  a  coil,  is  suspended  in  a  vessel  of  acid- 
idated  w.ater,  which  is  floated  by  a  cork,  D,  on  water. 
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The  current  riina  ronod  the  coil  in  the  diioulioii  of  the 

arrows,  and  the  ar-  P^.  iS3. 

rangement,  obe  jiag 

the  magnetic  iiillu 

ince  of  the  eartl 

■,urns  with  its  plane 

0  ointing  north  an  1 

^iith,  justas  amag 

etio  needle  would 
,.  If  the  no  t! 
d   of  a  magne 


-avd  the  loop,  tl  e 
wire  will  be  attract- 
ed, and  will  place  t 
delf  midway  bet  vee  tl  e  en  ]8  of  the  n  t"  et  but  f 
ihe  south  end  be  \  re  ented  tl  e  e  1  be  lepelled 
Vie  floating  comb  nat  on  ■>  ill  t  n  1  If  vay  ound  bo  as 
"  o  reverao  its  direction  and  will  then  be  ^tt  acted 

Ampfere  ioferied  fron  tl  e  analogy  of  these  i  str 

■nenta  that  the  n  agnet  o  vea  ta  qual  t  es  to  electr  o  cur 

gnta  circulating  m  It  in  a  tiansveise  diiection.    The  di- 

.ective  action  of  the  magnetic  needle  or  the  electric  he- 

iic  depends  on  the  action  of  electric  currents  circulating 

■n  the  earth,  due  to  the  unequal  heating  of  its  aurface 

jy  the  rays  of  the  sun,  the  earth  being  regarded  as  an 

jfectro-m agnet,  the  poles  of  which  are  naarly  in  the  line 

>f  the  axis  of  rotation.    The  angle  between  the  two  is 

■oot  constant,  the  variation  of  the  needle  from  the  time 

ftc'ith  point  exhibiting  slow  increases  and  diminntions. 

We  Jiave  seen  that  an  electric  current  can  develop 

agnetisra  in  a  bar  of  iron  or  steel — in  the  former  tran- 

antly,  in  the  latter  permanently.    Thus,  if  the  iron  bar, 

a,  Mg.  154,  be  placed  in  the  axis  of  a  helix  of  copper 

vire  along  which  a  current 

'.  flowing,  the  current  de- 

.'elops  magnetism  in   tlie^^ 

Ijar.    It  was  discovered  by  ■ 

Faraday  that  the  converse 

also  holds  good,  and  that  a 

How  dopB  it  act  toward  a  ronpnet?  What  U  Ampere's  theory  of 
the  nature  of  the  magnet?  What  is  the  effect  of  ti  current  rnnniog 
ronnd  a  bnr  of  soft  iron  ? 
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magnet  can  give  rise  to  an  electric  cuiTent.     Thus,  in 
Mg.  154,  let  the  terminations,  a  b,  of  the  helix,  e,  be 
brought  iuto  contact,  and,  having  placed  a  soft  iron  bar, 
n  s,  within  it,  let  the  bar  be  made  magnetic  by  the  ap- 
proach of  a  strong  magnet.     It  at  once  generates  a  cur- 
rent which  runs  through  the  helis,  c  ;  and  if  at  this  mo- 
ment the  wires  a  h  be  drawn  apart,  a  bright  spavV ., 
Eometimea  called  the  magnetio  spark,  passes.     It  doe 
not  come,  however,  from  the  magnet  itself,  but  is  due  t 
the  eleotrio  current  indticed  in  the  helix  by  the  distur 
ing  action  of  the  magnet.    If  between  the  tertoinatio" 
<s  6  a  Blender  irire  be  placed,  it  may  be  made  red-hot,  < 
water  may  be  decomposed,  or  any  of  the  phenomena  oi 
Fig.is^  a  Voltaic  battery  may  be  exhibited 

by  the  aid  of  this  inagjieto-electfio 

cuiTsnt. 
The  same  results  would  occur 

if,  instead  of  introducing  and  rt^ 
'  moving  a  permanent  steel  magnet 

n  e  continually  change  the  polarit) 

eta  stationary  soft  iron  bar.  Thus. 

if  a  b,  Fig.  1S5,  be  a  rod  of  sof 

iroa  surrounded  by  a  helix,  anc. 
there  be  taljcn  a  semicircular  steel  magnet,  N  c  S,  wliicli 
can  be  made  to  revolve  on  a  pivot  at  c,  things  being  sc 
arranged  that  its  poles,  N  S,  in  their  revolutions  just, 
pass  by  the  ends  of  the  bar  a  b,  the  polarity  of  the  bar 
will  be  reversed  every  half  revolution  the  magnet  makes, 
and  this  reversal  of  polarity  will  generate  electric  cur- 
rents in  the  wire. 

The  magneto-electric  machine  used  for  medical  pu' 
poses,  Mff.  156,  is  constructed  on  the  principle  that . 
we  coil  round  a  piece  of  soft  iron  a  condiicting  wire, : 
often  as  the  u-on  is  magnetized  by  the  permanent  ma^ 
net,  S,  a  wpe  of  electricity  flows  through  the  wire 
The  soft  iron  being  rapidly  rotated  by  the  multiplyin 
wheel,  and  the  patient  being  brought  in  relation  with 
the  machine  by  the  binding-screws  and  handles,  A  B,  he 
experiences  a  succeHsion  of  shocks. 

If  two  conducting  wires  be  placed  parallel  and  near 
each  other,  when  an  electrical  cun-ent  is  passed  through 
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one  of  tliem  a  wave  of  electricity  fl.  .  . 

lirectioii  througli  the  otlier.     On  the  first  c 


Jing,  inothei  -wwl  :,illeil  the  fceconliij  c  u  tnt  pass- 
i  through  the  second  wiie  These  momentaiy  cur- 
jnts  avecalled,  from  the  name  of  their  discoveiei,Fira- 

iian  currents.    The  eifecti  ai  t  much  iiici  eisetl  by  using 


r '    '  iiftasil 

-\ 

'll   iUCllsii 

— ^ 

hphcc  instead  of  wm- 
pie  wires.  Prof.  Henry 
has  made  many  inter- 
esting observations  on 
secondary  cuiTents,  em- 
ploying flat  ribbons  of 
copper  instead  of  wires. 
Ruhmkorff'a  indnc- 
tioii  coil  depends  on 
—  the   high  intensity  cf 

ts  ?    What  is  the  fact  on  which  Buhm- 


Hc^i^db,  Google 


182  EUHMKOEFFS  COIL. 

the  secondary  currents  produced  by  magnetic  induction. 
It  consists  of  two  coticentrie  lielices  of  copper  wire,  tbe 
inner  ovpi-imary  coil,  A  A,  i^'i^'.  157,  being  of  thick  wire 
and  only  two  or  three  hundred  feet  long,  while  tlie  out- 
er one,  B  E,  is  several  thousand  feet  loug,  and  of  ver; 
thin  silk-covered  wire.    In  the  axis  is  a  bundle  of  sot 
iron  wires,  M.    The  primary  coil  is  not  continuous,  h:<i 
may  be  broken  at  c  a,  the  keeper,  d,  being  raised  wht  ■ 
M  becomes  magnetic  and  the  circuit  interrnpted.    Tl 
making  and  breaking  oceors  several  hundred  titnea 
a  minute,  a  powei-ful  secondary  current  being  indue 
each  time  in  B  B.    A  continuous  stream  of  sparks  pa, 
ea  between  the  ends  of  the  eecondai-y  wire,  ej".     No. 
is  an  end  view.  No.  1  being  a  longitudinal  section. 

In  addition,  there  is  attached  to  the  primary  wiro  r 
species  of  Leyden  jar  termed  a  condenser,  which  in 
ereasea  the  power  of  the  instrument.  It  consists  of  a 
band  of  oil-silk  or  paper  coated  on  each  side  with  tio 
foil,  the  two  coat    gs  be  ng  connected  with  c  and  d. 

By  this  inst  i  n  ent  spa  te  twenty  inches  long  ma. 
be  procured,  an  1  by  ci  ng  these  sparks  to  traverse 
an  air-pump  vac  n  an  auroral  light  will  be  seen.  B- 
placing  in  the  a  p  n  p  rece  ver  a  tumbler  of  uraninn 
glass,  lined  partly  s  a e  w  t!  tin-foil,  a  cascade  of  elet 
trio  light  will  flow  o  e    o    the  aii'-pump  plate. 

If  the  discharge  take  place  into  a  space  more  I'arefiei. 
than  the  ordinaiy  receiver,  the  luminous  portion  is  ob- 
served to  be  stratified,  or  crossed  by  dark  bands. 

Mff.  158  represents  hermetioally-sealed  glass  tahe. 
into   whieh  platinum  wires  have  been  fused,  and  Ao 
Avhich  the   rarefaction  is  progressively  more  perfec   ' 
The  rarefaction  is  produced  by  filling  the  tubes  wi. 
dry  carbonic  acid  gas,  and  at  the  same  time  puttir 
pieces  of  caustic  potassa,  P  P  JPJ',  into  them.     Ti 
bands  become  wider  and  change  their  shape,  nntil,  whe 
a  perfect  void  is  obtained,  they  disappear.    Matedr 
particles  seem  to  be  necessary  to  the  transfer  of  the 
cnrrent,  as  in  the  case  of  the  Voltaic  arc.    By  inclosing 
a  variety  of  substances  in  such  tubes  beautiful  effects 

DoEfribe  Rnlimkoi-ff's  induction  coil.  What  leiigtl:  of  spnvlt  may 
1»  obtained?  How  may  nnroral  light  be  produce  J?  Wliat  nro 
GeiBsl(!i''a  tubes? 
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Theemo-Elecieicity. 
If  we  take  a  bar  of  antimony,  a,  Mg.  159,  and  one  of 
«mutli,  6,  and,  having  soldered  them  end       Fig.  iss. 
-  end  at  c,  pass  a  feeble  cuiTent  tbrough 
em  in  a  direction  from  the  antimony  to 
'?e  bismuth,  the  temperature  of  the  oom- 
3"  md  bar  vises,  but  if  the  current  pass  in 
opposite  direction,  cold  is  produced, 
fixing  tbei-mometers  into  the  substance  s 
he  bars  these  facts  may  be  verified;  and 
the  latter  case,  when  water  is  placed  in 
lepression  made  for  it  in  the  -bar,  and  the  reduction 
temperature  slightly  aided,  it  may  be  frozen  by  the 
jrvent. 

The  same  compound  bar  of  bismuth  and  antimony, 
Having  its  extremities  connected  together  by  a_  wire, 
T  beat  is  applied  to  the  jnnction  an  electric  c»r- 
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rent  sets  from  the  bismuth,  to  the  antimony,  and  whe, 
cold  is  applied,  fi-om  the  antimony  to  the  bismuth 
These  important  facts  were  discovered  by  Seebetsk  i' 
1822,  and  the  current  designated  thermo-electric  cu^ 
rents. 
If  a  rectangle,  Fig.  160,  be  composed  of  a  bar  of  a 
^  jgg  timony,  A  A,  and  one  ^ 

—^S      _        bismutb,  B  -B,  on  api  > 

;  heat  to   one, of 


::^_ 


^ 


^^=^==? 


junctions  a  current 
lun  iiound  the  comb 
t  on,  and  a  magnetic  ' 
die  suspended  within 
defltaed. 

Foi  the  production  ■ 
these  thermo-electric  ■ 
fects  two  metals  a 


necessauly  requued  One  end  of  a  thick  metallic  w' 
bemg  made  red  hot  and  biou^ht  m  contact  with  ' 
othei  a  etirient  instantly  pisses  ftom  the  hot  to  ' 
cold  poition  and  contmues  to  flow  m  diminishing  qua 
titles  until  tlie  two  ends  bave  reached  the  same  terap' 
ature.  Or  if  a  metallic  ring  be  made  red-hot  in  a, 
limited  portion  of  its  circumference,  as  long  aa  the  h.: 
passes  with  freedom  to  the  right  hand  and  the  left  eU 
trie  development  does  not  appear,  but  if  we  touch  w: 
a  cold  rod  the  hot  portion,  abstracting  thereby  a  pa 
of  its  beat,  a  current  in  an  Instant  runs  round  it. 

It  is  not  alone  in  metals  that  these  thei-mo-elect; 
earrents  can  be  induced  ;  other  solids,  and  even  liqu\&^ 
may  originate  them.     Among  metals  associated  tog<  "^^ 
er,  the  relation  often  exhibits  singular  changes.     C 
per  and  iron  form  a  very  active  couple  until  their  f 
peratnro  approaches  800° ;  the  current  then  stops, 
on  continuing  the  heat  another  cun-ent  is  develo} 
passing  in  the  opposite  direction.     The  same  takes  pi 
with  a  pair  of  silver  and  zinc  at  248°. 

Describe  tho  thermo-electric  i-ectnnele.  Hoiv  can  tlieimo-cle. 
trie  effeeta  be  produced  with  ono  metal?  Describe  the  peeuliaiitie 
of  !i  copper  and  ii'on  couple. 
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Thermo-EUctric  Order  of  Metals. 
Bismutb.                 I  Copper  and  Silver. 

I'latinum.  ZJiio. 

I,ead.  Iron. 


The  cun-ent  proceeds,  when  heated  together,  from 
ose  at  the  end  of  the  list  toward  those  which  precede 
em.  The  thewno-electrio  order  is  entirely  different 
im  the  Voltaic  order. 

rhevrao-eJectrio  cniTenta  generated  la  pairs  of  metal- 

.  bars,  experiencing  little  resistance  to   condnction, 

vc  very  little  tension.    The  thinnest  stratum  of  wa- 

.r  is  a  perfect  non-conductor  to  them. 

In  any  thermo-electric  couple  the  quantity  of  electrici- 

y  evolved  depends  upon  the  temperature.    But,  as  was 

%hown  by  Pi'ofessor  Draper  (Philosophical  Magazine, 

'une,  1840),  it  is  not  directly  proportional  to  it,  except 

.rough  limited  ranges  of  teniperattire ;  and  we  can  not, 

.erefore,  make  use  of  these  currents  for  the  deterraina- 

on  of  temperatures  with  accuracy,  on  the  hypothesis 

f  the  proportionality  of  the  quantities  of  electricity  to 

'6  quantities  of  heat. 

By  joining  a  system  of  bars  alternately  together,  we 
lay  reduplicate  the  effects  of  a  single  pair.    As  might 
.lave  been  predicted  on  the  theory  of  Ohm,  and  as  has 
leen  shown  in  the  memoir  just  qnoted  experimentally, 
",vhere  the  conducting  resistances  remain  tho  same,  the 
'uantity  that  passes  the  circuit  is  directly  proportional 
T  the  number  of  pairs.    By  thermo-electric  batteries  of 
sufficient  number  of  pairs  of  Gennan  silver  and  iron, 
lated  intensely  at  one  set  of  junctions  by  a  coal  fire, 
id  kept  cool  at  the  other  by  water,  water  may  be  de- 
T^posed  with  rapidity,  and  all  the  effects  of  Voltaic 
)mbinations  produced.     There  seems  to  be  no  reason 
hy  sach  combinations  should  not  eventually  displace 
J  other  sources  of  electricity,  and  be  used  for  chemical, 
galvanic,  and  magnetic  purposes.   Eleoti-icity  could  then 
be  utilized  in  the  constraction  of  prime  movers,  in  warm- 
ing apparatus,  and  for  a  thousand  other  applications. 

What  is  tliG  tension  of  ilicrnio-ekctrie  currents?  Wliy  are  they 
unreliable  for  tbermometrio  purposes?  How  is  a,  tbermo-eloctric 
pile  or  battery  made?     What  are  tho  properties  of  such  piles? 
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Melloni's  thermo-electric  pile,  wliich  is  by  far  th 
Fii].  101,  most    seDsitive    of  tlier  mo  meters, 

consists  of  a  number  of  bars  of  bis- 
muth, £,  and  antimony,  A,  witli 
the  alternate  ends  soldered  togeth- 
er, as  in  Fig.  161.    If  both  en^ 
avQ  heated  no  effect  is  prodncea 
but  if  only  one,  then  a  cnrrent 
sent  along  the  wire  which  connei 
the  last  bismnth  at  one  end  w' 
the  first  antimony  at  the  oth 
//  MelloninsedSO  or  40  such  alterj 
^     tions,  arranged  to  present  a  squ:. 
or  circular  face.  The  position  of  ti 
galvanometer  is  indicated  at  6. 
The  galvanometer  is  seen  in  Mg.  162,  in  section  am 
perspective.    A  B  O  ia  the  coil  of  the  multiplier,  its  tev 
minal  wires  resting  in  thq  connecting  cups,  P  F'.    Tli 
coil  rests  on  a  plate,  D  E,  which  can  be  made  to  rovol- 
by  means  of  a  wheel  and  screw  connected  with  the  bi. 
ton  G.     An  astatic  combination  of  needles  is  snppoi-te 
by  the  frame  Q  M  N  by  a  silk  thread,  V  L.     To  pr' 
tect  the  instrument  from  cnn'ents  of  air,  it  ia  covered  1 
a  glass  cylinder,  F  L,  strengthened  by  brass  rin^,  P  t 
Y  T,    K  T  is  the  basis  on  which  the  cylinder  rest, 
The  angle  of  deflection  of  the  needle  is  taken  as  tht 
measure  of  the  temperature. 

Professor  Draper  introduced  certain  improvements  ii 
the  construction  of  the  thermo-electric  element.    Let  c 
Fi,i.v,-i.  Fig- 163,  be  a  bar  ' 

antimony,  and  6  a  l 
of  bismuth.    Let  the 
be  soldered  along  c 
and  at  <?]ct  the  te 
perature  be  raised, 
current  ia  immediate, 
excited ;  but  this  do> 
not  pass  around   thi 
bars  a  b,  inasmuch  as 
it  iinds  a  shorter  and 
the  metals  between  c  and  <l,  as  in- 
~  What  ara 
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cated  by  the  arrows ;  nor  will  the  whole  etirrent  pass 
ound  the  bars  until  the  temperature  of  the  eoklered  sur- 


,e  bas  become  uniform.    An  improvement  on  this  con- 
iction  is  therefore  such  as  is  represented  at  «'  b', 
ich  consists  of  the  former  arrangement  cut  along  the 
ted  lines.     Heve  the  whole  current,  aa  soon  as  it  ex- 
!,  is  forced  to  pass  along  the  bars.     One  of  the  best 
'■ms  of  a  thermo-electric  pair  is  seen  in  the  lower  fig- 
re,  wliere  the  antimony,  a,  and  bismuth,  J,  are  united 
.y  a  lozenge-shaped  piece  of  copper,  c.   The  heat  is  made 
■.o  fall  on  c,  which  becomes  hot  and  cold  with  prompti- 
ui5o,  nnd  determines  a  cuiTent. 

^Vhy  sliuuld  t]ie  junction  bu  biiiull '/ 
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Animal  Electeicity. 
the  various  sources  of  electi'icity  to  which 
have  vel'eri'ed,  thefe  are  certain  animals  which  posses 
the  power  of  cootrolling  the  eqniiibi'iiim  of  the  electric 
fluid  m  their  neighboi  hood  at  wOl,  being  aeeommodate' 
rnj  161.  i°^  ^^^^  purpose  with  a  special  ner\ 

ous  ippiiatus.    The  torpedo,  a  fig! 
hvin^  m  the  Mediterranean  and    t 
oui  coast,  and  the  gymnotua  el 
tu^s,  which  is  found  in  some, 
the  iiesh- water  streams  of  So 
AmeiiCT  ha\  e  this  property.    '! 
electiic  organs  of  the  torpedo  .■ 
Bhown  in  J''/'!/.  164,  at  a  a,  the  i 
perhcial  tiasuea  havicg  been   r. 
moved     They  are   composed  c. 
ptisni'i  i^gi.  165,  presenting  divir 
Inch  neives  ramify,  and  are  fiHe 
with  an  albuminous  saJi 
juid.    About  470  of  tht 
e  found  in  each  of  the  ti 
gans.    The  dorsal  sui'fa 
the  animal  is  positive  a 
e  ventral  negative.    T' 
,iipph    it  111     L  (t_,^ns  comes  from  a  speci, 
lobe,  the  electrical  lobe,  I"V ,  Mff.  166.     I  is  the  cere 
brum ;    II,  optic   lobes ;   III,  cerebellum.     TJ  T  S    a- 
branches  of  the  pnenmogastric,  and  L  a  branch  of  tlr 
trifacial,  distributed  in  the  electric  organ. 

The  shock  of  the  toiTpedo  passes  through  conduct' 
bodies,  but  not  through  non-con dnctors.     A  gymnc 
which  was  exhibited  in  London  was  found  to  deflec 
magnetic  needie  powerfully  by  its  discharge.    A  st 
wire  was  magnetized  by  it,  and  iodide  of  potassium 
composed.    In  an  interrupted  metallic  circle  a  sp: 
was  seen,  and  the  induced  spark  was  also  obtained  by 
coil.     The  current  passed  from  the  anterior  to  the  pc 
■terior  parts  of  the  animal.    Faraday,  who  performe 
these  experiments,  calculates  that  the  quantity  of  elec 
trioity  passin<j  at  each  discharge  of  the  fish  was  equa' 

Whatistlio  torpedo,  and  ivhat  are  ilspowei-s?  How  nre  the  dec. 
trie  oi'gnnB  eompoBCd  ?  Whence  do  they  derive  their  nervous  sup- 
ply f    Describe  the  phenomena  shown  by  the  gymnotus. 
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1  tbat  of  a  Leyden  battel  y  of   3501)  \ 
iharged   to  the  titmoht,  i    i. 

and  this  could,  be  lepeit 
ed  two   or  thiee   tinier 
■vith  scarcely  a  eeu=!il  le 
■Dtevval  of  time 
Aa  the  electricity  which 
"lase  animals  discliatge 
penda  on  their  nciTOiiB 
■'OH,  the  production  of 
attended  with  a  i,c  i 
ponding  neivou?   r 
iistion.    Matteueci  i 
rds  the  prisms  aa  pil 
.  which  a  secondaryckt 
■.■ic  cuiTent  is  geneiated 
ly  the  nervous  cuiieut 
ent  to  them.     An  mti 
ite  connection  is  thus 
jablished  between  the 
'O  forces. 

The  same  phdoaophei 
s  also  shown  that  in  all 
zing  animals  theie  is  i 
.iiTcnt  of  positive  elec 
jicity  from  the  interior 
,"■  the  exterior  of  evei-y 
.nuBcle;  and  by  arranging  a 
that  the  interior  of  one 
-o^iched  the  exterior  of 
'■ifl  -  next,  aa  in  Fig.  167, 
exhibited  magnetic  ei- 
:ts  and  chemical  deconi- 
itions. 

i^^.  168  enables  us  to  demonstiate  the  effect  of  the 
oltaic  current  on  the  muscle?  of  a  fio^  The  animal 
,  prepared  by  dissection,  so  that  the  lega  are  only  con- 
ectea  by  the  nei've  and  a  pait  of  the  spinal  cord.  On 
plunging  the  terminal  wires  of  a  battery  into  the  cupa 
'>f  water  in  which  the  feet  are,  the  frog  will  leap  entire- 
ly out. _ 
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In  V J  liT  Ihe 


(Ciilar  ouiilnctioas  ihit  ciro 
iiibited  by  the  tongue  of  an 
when  a  current,  is  passed  throu 
it  are  sliown.     The  tongue 
drawn  out,  and  a  nail  drivt 
thiough  It  into  tlio  tiblc      O 
LiingmT  one  polo  oftbelittti 


m  connection  null  tliL  li))  fl 
the  tongue,  and  thi,  othei  pole 
in  connection  with  the  spmil  | 
c6rd,  the  tongae  cootiacte, 
and  eithei  the  nail  is  drawn 
out  oi   the  held  pulled  toi 

Fig  170  shows  the  minnei 
m  which,  n  hen  the  thighs  of 
a  fiog  have  been  evcited,  they 
miy  be  caused  to  pioduce  in 
dueed  contiactions  in  the  Ie_, 
of  anothei  fiog      1\  hen  the  t\^o  paid  ot  i  bittf  i  j  i 
apphed  to  tlm  eprne  joining  the  thighs,  wo  obsLn 
whenever  the  thighs  contiact,  convulsions  t-iniultanc 
ously  occui  m  the  toot  whose  nerve  lies  leross  them 

What  does  Fig.  168  demonstrate?  How  miiy  the  conlrnction  of 
nn  ox's  tongue  be  shown  ?  How  mnj  indneed  coiitractions  be  ex- 
liibited  ? 
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LECTURE  XXXIV. 
NoMENCLATUEE. — Tim  French  Nomenelature. — 
able  of  Mhmentary  Jiodies.  —  N'omendature  for 
lompound  JBodies,  Adds,  Bases,  ami  Sails.  —  ff/te 
Binaiy  Hypothesis. 

[Jntil  after  the  discovery  of  oxygen  gas,  the  nomen- 
latnro  of  chemistry  was  very  loose  aud  complicated, 
'he  trivial  names  which  were  bestowed  on  various  bed- 
's had  frequently  littie  connection  with  their  proper- 
' ;  sometimes  they  were  derived  from  the  name  of 
discoverer,  or  sometimes  from  the  place  of  his  resi- 
jce.    Glauber  salt  takes  its  designation  from  the 
imist  who  first  brought  it  into  notice,  and  Epsom  salt 
m  a  village  in  England,  in  which  it  was  at  one  time 
ide. 

It  is  obvious  that  such  a  system  of  nomenclature,  as 

jon  as  the  number  of  compound  bodies  increased, 

.  3uld  not  only  become  unmanageable,  but,  by  reason 

f  the  impossibility  of  carrying  in  the  memory  snch  a 

lasa  of  unconnected  terms,  offer  a  very  serious  impedi- 

it  to  the  progress  of  the  science.     Lavoisier  and  his 

<eiates,  about  the  close  of  the  last  century,  con- 

-cted  a  new  nomenclature,  with  a  view  of  avoiding 

se  difiiculties.     Its  principles,  with  some  modifica- 

s,  are  now  universally  received.     The  following  is  a 

f  exposition  of  it : 

i.Vatura!  bodies  may  be  divided  into  two  classes,  sim- 

]  and  compound ;  the  former  are  also  called  element- 

y.     By  simple  or  elementary  bodies  we  mean  those 

.^hich  have  not  as  yet  been  decomposed. 

Among  simple   sabstanees,  those  which  have  been 

WliaC  woa  ihe  nature  of  tha  nomenclature  used  by  the  older 

.hemista?    When  was  the  system  now  in  use  invented  ?     What  is 

meant  by  simple  or  eleroenlary  bodies' 
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known  for  a  long  time  retain  tlie  names  by  wliith  th; 
are  popularly  distinguished;  tlnis,  gold,  iron,  coppe 
etc. ;  and  when  new  bodies  belonging  to  this  class  ai-' 
discovered,  they  are  to  receive  a  name  descriptive  o' 
one  of  their  leading  properties ;  thus,  chlorine  takes  i: 
name  from  its  greenish  color,  and  iodine  from  its  purpi 
vapor.  It  is  to  be  regretted  that  this  rule  has  ofte 
been  overlooked. 

Some  doubt  exists  as  to  the  exact  number  of  the 
roentary  bodies.  It  may  be  estimated  at  68,  iiiclw" 
metals  recently  discovered,  the  titles  of  which  havf 
yet  been  completely  established. 

Of  the  list  of  elementaiy  bodies,  tbo  metals  form 
far  the  larger  portion,  there  being  65  of  them  ;  the 
maiiiing  13  are  commonly  spoken  of  as  non-meta. 
substances.    By  some  authors  these  are  called  meta 
loids,  iri   contradistinction   to   the  metale,  an   epith 
which,  however,  is  veiy  objeetionaible.     (See  opposite 

Compound  bodies  may,  for  the  most  part,  be  divii ' 
into  three  groups :  acids,  basea,  and  salts.  By  an  ' 
we  mean  a  body  having  a  sour  taste,  reddening  vt. 
table  blue  colors,  and  neutralizing  alkalies;  by  a  bns 
body  which  restores  to  blue  the  color  reddened  by 
acid,  and  possessing  the  quality  of  neuti-alizmg  the  pi 
ortiea  of  an  acid ;  toy  a  salt,  the  body  arising  from  v. 
wulon  of  an  acid  and  a  base.  These  definitions,  howevc 
are  to  be  received  with  considerable  limitation. 

Tlie  nomenclature  for  acid  substances  is  best  se< 
from  an  example.     Thus,  salphur  and  oxygen  unite  v 
form  an  acid :  it  is  called  sulphuric  acid,  the  terraina' ' 
in  ic  being  expressive  of  that  fact.     But  very  fi'eqr 
ly  two  substances  will  form  more  than  one  acid 
uniting  in  different  proportions ;  in  this  case  the  terj 
ation  in  o«-s  is  used;  thus  we  have  aulphtirous  aci' 
called  because  it  contains  less  oxygen  than  sulpb' 
The  prefix  "  hypo"  is  also  used,  as  in  hypofiulpnui 
and  hyposnlphurio  acids :  it  indicates  acids  contain: 

What  is  the  rule  for  naming  the  elemocta  ?  Wlint  is  the  nnnib^ 
of  the  elementary  bodies  ?  Of  these,  to  what  tlass  do  the  greaW 
number  belong?  Into  what  groups  may  eonipound  bodies  be  i" 
I'iiled?  Wbat  is  the  definition  of  nn  acid?  Whatisabose?  Wh 
is  n  salt?  What  do  the  terminntions  ic  and  aus  mean?  What  . 
the  meaning  of  the  prefixes  fiypo  and  hi/pfr  ? 
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TaUe  of  JSle) 
bymbola 


ntntart/  or  Simple  Subitanae%  with  ti 
and  Atomic  oi  Equivalent  'Wet'jhts 


^;-''°'' 

Oxygen 

0 

8 

Indium 

86 

lVdto^,o« 

H 

Mn 

Nitrogen 

N 

14 

Iron 

Fe 

S8 

Sulphur 

S 

16 

Nickel 

Ni 

30 

Phosphorus 

P 

G3 

Cobalt 

Co 

Caibon 

C 

6 

Zinc 

7n 

13 

Chlonne 

n 

3jE 

C  admium 

tJ 

rc 

'  romwe 

El 

Till 

Sn 

50 

dine 

I 

l^G 

Chiommm 

Cr 

26 

luonno 

r 

19 

Tanadium 

V 

69 

Joron 

B 

11 

Ivingsten 

W 

12 

Silicon 

Sl 

23 

Ta 

1S4 

Salenium 

be 

40 

Niobium  (0 

Nb 

li 

Nonnm 

No 

Potasbium 

K 

19 

Palopitim  CO 

Ee 

Sodium 

Na 

J5 

Dianium  f?) 

..ichium 

Li 

7 

Molybdenum 

Mo 

4S 

""tesium 

Ce 

Uranium 

U 

GO 

„ubidiani 

Eb 

bG 

li 

-4 

Balluin 

Ea 

M 

Arsenic 

As 

To 

jWontium 

Si 

4i 

Antimony 

&b 

liD 

"alcium 

Ca 

20 

Tellunum 

To 

64 

rfagnesiura 

Mg 

12 

Copper 

Cu 

33 

Aluminum 

Al 

14 

Lead 

Pb 

104 

Glucinum 

G 

Bismuth 

Bi 

318 

Zirconium 

Zi 

34 

SllYCl 

Ag 

108 

Thorium 

Th 

CO 

Mereuiy 

Hg 

100 

Ythrara 

T 

Gold 

Au 

197 

El 

? 

Palladium 

Pd 

64 

rerbiam 

Tb 

? 

Plttinum 

Pt 

19 

"•enum 

Ce 

46 

Indium 

Ir 

19 

anthanum 

L* 

44 

Rhodium 

Eo 

52 

Jidymium 
hallmm 

Di 

48 

Oamium 

Os 

100 

Tl 

203 

Imtbenium 

Ru 

52 

oxygen  than  sulphnious  inil  sulphuiic  acids  The 
eiix  '  hypei"  is  used  m  the  aarae  waj  ,  thus,  hypei 
jloiic  acid,  an  acid  cont'JiniDg  /nore  oxygen  than  i-hlo 
ic  lud 

With  lespect  to  bases,  the  genenl  termination  is  m 

kS,      It  o^.ygeii  and  lead  unite,  ive  hai  e  o\ide  of  letd  , 

,ind  m  the  same  mannei  we  have  chloiides,  biomiJes, 

What  ai 
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iodides,  and  fluorides.  And  if  these  elements  forn 
compounda  ia  more  proportions  than  one,  ive  iodicatt 
their  proportion  by  the  Greek  numerals,  protos,  dente- 
ros,  tritos ;  thus  we  have  protoxides,  deutoxides,  tritos- 
ideiS ;  the  protoxide  of  lead  contains  one  atom  of  oxy- 
gen and  one  of  lead,  the  deutoxido  of  nitrogen  two 
atoms  of  oxygen  and  one  of  nitrogen,  etc.  In  the  same 
manner  tlie  prefixes  sub,  seaqui,  and  per  are  used ;  thus 
a  suboxide  contains  the  lowest  proportion  of  oxygen,  ■ 
peroxide  the  highest  proportion,  and  a  sesquioxide  V 
terveues  between  a  protoxide  and  a  deutoxide,  its  o^ 
gen  being  in  the  proportion  of  one  atom  and  a  half. 

By  an  alloy  we  mean  the  substance  arising  from  t 
union  of  two  metals ;  thus  copper  and  zinc  unite  t 
form  brass,  which  is  au  alloy.  If  one  of  the  metals  . 
mercxiry,  the  compound  is  called  an  amalgam.  And 
when  sulphur,  phosphoras,  carbon,  and  selenium  vmite 
with  metals,  or  with  each  other,  the  termination  ide  is 
need ;  thus  we  have  sulphides,  phosphides,  carbides,  et 

With  respect  to  the  nomendature  for  salts,  the  ter- 
inations  ate  and  ite  are  used  to  indicate  acids  in  ic  ai. 
ous  respectively.    The  sulphate  of  potash  contains  si 
phurio  acid,  and  the  sulphite  of  potash  sulphurous  aci 
And  aa  we  have  already  seen  that  difierent  oxides  arib 
by  the  union  of  oxygen  in  different  proportions,  ani. 
thrae  bodies  frequently  give  rise  to  different  series  of 
salts,  the  operation  of  the  nomenclature  may  be  readily 
traced ;  thus  the  protosulphate  of  iron  is  the  sulphate 
of  the  protoxide  of  iron,  but  the  persulphate  of  iron  is 
a  sulphate  of  the  peroxide,  and  the  deutosulphate  c " 
platinum   a   sulphate   of  the  deutoxide   of  platinr 
When  the  relative  quantity  of  the  acid  and  base  vari 
Latin  numerals  are  employed ;  thus  the  hisulphate 
a  contains  two  atoms  of  sulphuric  acid  and  one 


Salts  are  s^d  to  be  neutral  if  neither  their  acid  n^ 
base  be  in  excess.  If  the  acid  predominates,  it  is  a' 
acid  or  super-salt;  if  the  base,  it  is  a  basic,  or  sub-salt. 

What  do  the  prefixes  protos,  devteros,  ititos,  siib,  sesqiii,  nnd  p:r 
slgnifj?  Wlint  is  an  allojP  When  is  the  lerminnlion  ide  em- 
ployed ?  What  do  the  terminations  ate  and  ite  indicate  ?  What  U 
the  nomenclature  for  tlie  salts?  What  is  a  neutral,  au  add,  a  basic 
salt? 
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When  a  metalloid  is  united  to  anotber  metalloid  or 

letal,  or  when  a  compoaiid  radical  is  united  to  a  metal 

.}!■  metalloid,  the  combination  is  called  binary,  from  its 

onsisting  of  two   elements.     The  binary  compounds 

Ji'med  by  ebloi'ine,  bromine,  iodine,  and  fluorine  with 

ie  alkaline  metala  are  called  haloid  salts.    It  has  been 

aggested  that  the  constitution  of  such  oxacid  salts  as 

itrate  of  silver,  for  example,  is  similar  to  the  haloid 

■'ts,  and  that  they  consist  of  the  metal  united  with  a 

-othetical  radical,  instead  of  an  acid  united  witli  an 

ie.    This  binary  hypotlieds  would,  however,  involve 

jmplete  change  m  the  present  nomenclature.    Car- 

:ate  of  potash,  KO,  00^,  for  example,  called  by  its 

voeates  the  carbonate  of  potassium,  would  be,  in  real- 

_ ,  K  CO3,  the  teroxycarbide  of  potassium,  a  radical 

,i'Og,  which  is  not  carbonic  acid,  being  united  to  the 

'letal.    The  old  nomenclature  wiil  be  adhered  to  in  this 

vorii. 


LECTURE  XXXV. 
IE  Symbols. — Failure  of  the  HfotTiendature  in  the 
Ome  of  Complex  Oompounds, — JBhikire  in  I>Mer- 
ence  of  Ch'ouping. — Symbols  for  Elementary  bod- 
ies.— XbpTessions  for  several  Atoms.  —  Use  of  the 
Fkis  Sign. — Es^'essions  for  Grouping. 
So  long  as  the  constitution  of  compound  bodies  is 
imple  there  is  no  difficulty  in  applying  the  nomencla^ 
-  -e,  or  in  recognizing  from  the  name  of  the  compound 
nature  and  proportions  of  its  constituents.    Thus, 
toxide  of  hydrogen  eleai'ly  indicates  a  body  in  which 
!  atom  of  oxygen  is  united  with  one  of  hydrogen — 
'Iphate  of  potassa,  a  body  composed  of  two  atoms  of 
ihuric  acid  and  one  of  potassa ;  and  even  in  more 
nplicated  cases,  such  as  the  sulphato-tricarbonate  .of 
ad,  etc.,  the  same  principles  will  serve  as  a  guide. 
But  when  compound  bodies  consist  of  a  great  num- 
jer  of  atoms,  the  nomenclature  ceases  to  be  of  any  serv- 
"ce.     Thus  starch  is  composed  o?  twelve  atoms  of  car- 
What  is  a  binary  compourtd  ?     Whnt  is  a  iialoid  salt  7     What  is 
the  binary  bypotlieais  ?     Wlieu   does   Ibo   Bomanckture   apply  ? 
When  does  it  fiiil  ? 
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bon,  ten  of  hydrogen,  and  ten  of  oxygen.  B'ibrin 
composed  of  216  atoms  of  oarboo,  169  of  hydrogen,  6 
of  oxygen,  27  of  nitrogen,  2  of  salphui',  and  a  trace  ol 
piiospiioviia.  On  the  principles  of  the  uomcDclature, ' 
wonld  be  difficult  to  give  to  the  first  a  technical  namt 
and  in  the  ease  of  the  latter  impossible. 

The  peculiarity  of  organic  compounds  is,  that  the_ 
contain  but  few  of  tbe  elementary  bodies,  being  chiefl 
made  up  of  carbon,  hydrogcQ,  oxygen,  and  nitrogo- 
but  these,  as  iu  the  case  of  fibrin,  unite  in  a  very  e 
plicated  way,  very  often  hundreds  of  atoms  being 
volved.    The  nomenclaturQ  is  thevefore  inapplicabh 
organic  chemistry.     {See  Lecture  LXVIII.) 

There  is  also  another  very  serious  difficulty  in  its  w 
It  has  been  discovered  tb'it  compounds  may  consist 
the  same  elemen  s  un   e     n  precisely  the  same  propo' 
tions,  so  that      h  n    by  analyzed  tliey  yield  prf 

oiaely  the  sam  and  yet  they  niay,  in  reality,  b 

very  diflaren        b  tan    s      Identity  in  composition 
nopvoofofth     am  fbodiea.    Thus  we  may  hr 

the  same  e!em  n       n    n       gether  in  the  same  "proj 
tion,  and  yieldin,  a  solid,  a  liquid,  or  a  gas  indifferent 
This  result  may  depend  on  several  causes,  as  will 
presently  explained ;  but  among  these   causes  I  ir 
here  specify  what  is  termed  by  chemists  "  Grouping 
Thus,  suppose  four  elementary  bodies,  A  B  C  D,  unit 
together,  there  is  obviously  a  series  of  compounds  whic 
may  arise  by  permuting  or  grouping  them  differently 
as  in  the  following  example : 

A)  A  +  B  +  C  +  D. 

(2)  A  C      +  B  D. 

(3)  AD      +  C  B. 
etc.  etc. 

The  method  of  symbols  which  is  deaigned  to  r- 
these  difficulties,  and  is,  in  reality,  an  appendix  and 
provement  upon  the  nomenclature,  was  originally  in> 
duced  by  Berzelius;  but  the  form  which  is  now  mc 
commonly  adopted  is  that  of  Liebig  and  Poggendo- 
The  advantages  which  have  been  found  to  accrue  fron 

What  is  the  peculiarity  of  organic  copponiids?  Whjis  the  nom 
enclature  jnapplioablo  ?  Is  identity  of  composition  any  proof  of  lln. 
identity  of  bodies?    Wliat  is  meant  by  gi'ouping?     Give  nn  exam- 
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^  are  so  great,  that  it  is  now  introduced  into  eveiy  pai-t 
jf  chemistry,  so  that  it  is  impossible  to  read  a  modern 
work  ou  this  science  without  having  previously  mastor- 
jd  the  symbols. 

The  student  should  not  bo  discouraged  at  the  mathe- 
matical appearance  of  chemical  formulEe.    He  will  find, 
jy  a  little  attention,  that  they  are  founded  upon  the 
nmplest  principles,  and  involve  merely  the  arithmetical 
■erations  of  addition  and  mnltiplication.    The  follow- 
is  a  brief  exposition  of  their  nature : 
?or  the  symbol  of  an  elementary  substance  wo  take 
;  first  letter  of  its  Latin  name,  as  is  shown  in  the  ta- 
j  given  in  the  Jaat  lecture.     Those  symbols  should  be 
mmitted  to  memory.    Eat  as  it  happens  that  several 
abstances  sometimes  have  the  same  initial  letter,  to  di 
■  jnguish  between  them  we  add  a  second  small  letter. 
Thus  carbon  has  for  its  symbol  Cy  chlorine,  CI. ; 
er  (cuprum),  Gu.;  cadmium,  C(/.,  etc.     It  may  be  ob- 
■rved  that  in  the  case  of  recent  Latin  names  the  Ger- 
n  synonym  is  always  used ;  thus  potassium  is  called 
lium  in  Germany,  and  has  for  its  symbol  ^/  sodium 
called  natrium,  and  has  for  its  symbol  Na..,  etc- 
But  a  symbolic  letter  standing  alone  not  merely  rep- 
sents  a  substance ;  it  farther  represents  one  atom  of 
6 ;  thus  C  means  one  atom  of  carbon,  and  0  one  atom 
>f  oxygen. 

If  we  wish  to  indicate  that  more  than  one  atom  is 

iresent,  we  aflax  an  apprqiriate  figure,  as  iu  the  foUow- 

\%  examples:   C-^^.M^^.O^^.    Thus  nitric  acid  is  com- 

/"o,,'  sed  of  one  atom  of  nitrogen  united  to  five  of  oxygen, 

^V   .  we  write  it  iVO^. 

When  a  compound,  formed  of  several  compounds,  is 
be  represented,  we  make  use  of  an  intervening  com- 
:  thus  strong  oil  of  vitriol  is  composed  of  one  atom 
sulphur  and  three  of  oxygen,  united  ivith  one  atom 
water,  which  is  composed  of  one  atom  of  oxygen  and 
ne  of  hydrogen,  and  we  write  it  SO^,  HO. 
If  we  desire  to  indicate  that  compounds  are  nnited 
ivith  a  feeble  affinity,  we  make  use  of  the  sign  +  ;  thus 

Wliat  are  tlie  symbols  for  elementary  bodies  ?  Wben  is  a  second 
letter  necessaiy  ?  What  does  a  singia  symbol  standing  alone  repre- 
sent? How  are  more  atoms  tban  one  represented?  How  is  the 
commn  employed.?    What  ia  the  use  of  tlioj)/"s  sign? 
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the  composition  of  sulphuric  acid  may  be  written  -SO5 
ov  SO2+  0,  the  latter  foi-mula  implying  tliat  one  of  tli, 
atoms  of  osygen  is  held  by  a  feebler  affinity  than  the 
other  two. 

When  a  large  fignre,  or  eoeificient,  is  placed  on  thi; 
same  line  as  the  symbol,  and  to  the  left  of  it,  it  multi 
plies  that  symbol  as  far  as  the  first  comma  or  +  sign 
or,  if  the  formula  be  placed  in  a  pai-entbesis,  it  mnltiplie 
every  letter  under  the  parenthesis;  thus  aSOj,  jS" 
MO  or  280^-\-K0-^SO  mean  two  atoms  of  sulph 
acid  united  with  one  of  potassa  and  one  of  water,  fo 
ing  the  hisulphate  of  potassa;  but  %{S0^,  JiO,  h. 
would  repreaent  two  stoma  of  a  salt  composed  of  c 
of  sulphuric  acid,  one  of  potassa,  and  one  of  water,  t 
figure  here  multiplying  all  under  the  parenthesis. 

The  advantages  which  arise  from  the  use  of  these 
simple  rules  are  very  great ;  we  can,  even  with  the  mos 
complex  bodies,  not  only  express  their  composition,  b'- 
also  the  molecular  an-angement  or  grouping  of  their  • 
onis:  we  can  follow  them  through  the  most  intric 
es,  and  without  difficulty  trace  out  their  me 
For  example,  analysis  shows  that  alcoh 
13  composed  of  C^,  -Sg,  O3  / 

but  many  facts  in  its  history  lead  us  to  know  that  : 
molecular  constitatiou  is 

{GiH^)OJrSO; 
that  is  to  say,  it  contains  a  compound  radical,  C^J/j, '. 
which  the  name  of  ethyJe  has  been  given,  and  this  fac 
being  understood,  we  see  at  once  that  upon  the  princ 
pies  of  the  nomenclature  the  true  name  for  alcohol  is  ■ 
hydrated  oxide  of  ethyle ;  moreover,  alcohol  is  deri 
by  processes  of  fermentation  from  sugar.    The  const' 
tion  of  dry  I'mit  sugar  is 

Ci3,  ^,„  0„. 
This  complex  atom,  under  the  iutluenee  of  active  yo. 
is  split  into 

2{0^ir^0^) 4,(00^), 

that  is  to  say,  into  two  atoms  of  alcohol  and  four  i, 
cai'bonic  acid  gas ;  and,  accordingly,  we  find,  during  fer- 
mentation, that  the  sugar  disappears,  alcohol  forming  in 
the  liquid,  and  carbonic  acid  gas  escapes. 
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The  student  slionld  accustom  himself  to  the  transk- 
tiou  of  the  nomenclature  into  symbols,  and  symbols  into 
the  nomenclatm-e,  in  eases  where  it  is  possible,  for  it  is 
absolutely  essential  that  he  should  be  perfectly  familiar 
with  the  process. 


LECTURE  XXXVI. 
lE  Laws  of  Combination. — Law  of  Fixed  Propor- 
Hone. — Mimeriecd  Xaw. — Multiple  Law. — Modes  of 
ea^}ressinff  Oompoeition. — Fr<^rtions,  JSquivcdenta, 
and  Atofnio  yVeights, — delation  between  Oomhining 
Volumes  and  Atomic  Weights. — TabU  of  Spedf^ 
Gravities  and  Atomic  Weiffhts. —  Gerhardfs  System 
of  Notation. 

It  has  been  shown  in  the  first  lectures  that  material 
abstanoes  possess  an  atomic  eoustitntioD,  and  all  the 
henoniena  of  chemistry  bear  out  this  conclusion.  It 
Hows,  therefore,  when  substances  combine  with  each 
ther  and  give  rise  to  new  products,  the  union  takes 
iaoe  by  the  atoms  of  the  one  associating  themselves, 
ith  the  atoms  of  the  other;  and  as  these  atoms  poa- 
iess  weight  and  other  properties  which  are  specific, 
there  are  certain  circumstances,  easily  foreseen,  which 
nnst  attend  such  combinations- 

1st.  The  constitution  of  a  compound  body  must  al- 
ways bo  fixed  and  invariable.     This  arises  from  the  fact 
o/the  imchangeability  of  the  properties  of  atoms;  one 
5ft  om  of  water  will  always  be  composed  of  one  atom  of 
■ygen  and  one  of  hydrogen;  one  atom  of  carbonate  of 
ne  will  always  consist  of  one  atom  of  carbonic  acid 
'd  one  of  lime.    Or,  more  generally,  if  a  good  analysis 
water  has  shown  that  nine  grdns  of  that  substance 
mtain  eight  gi-ains  of  oxygen  and  one  of  hydrogen,  ev- 
jry  subsequent  analysis  will  correspond  therewith. 

2d.  The  proportions  in  which  bodies  are  disposed  to 
unite  with  each  other  can  always  be  represented  by  cer- 
tain numbers ;  these  nnmbers  beinff,  in  fact,  the  relative 

In  wliat  manner  does  combination  of  bodies  cake  place?  Wliat 
is  meant  by  the  law  of  fixed  proportions  ?  What  fay  tho  iinmetjcal 
law! 
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weights  of  theiv  atoms.     Thus  Tvator  is  composed  of  ai 
atom  of  oxygen  and  one  of  hydrogen ;  and  inasmuch  as 
the  oxygen  atom  is  eight  times  heavier  than  that  of  hy- 
drogen, it  necessarily  follows  that  in  every  nine  parts  of 
water  we  shall  have  eight  of  oxygen  and  one  of  hydro- 
gen.    These  nambers  are,  therefore,  spoken  of  as  the 
combining  proportion  or  equivalents  of  the  substances 
to  which  they  are  attached.    If,  farther,  we  examine, 
when  oxygen  and  sulphur  unite,  what  are  the  relatii 
quantities,  we  shall  find  that  eight  parts  of  oxygen  ci 
bine  with  sixteen  of  sulphur,  forming  hyposulphur, 
add.    And  if  sulphur  and  hydrogen  unite,  it  wiJl 
found  that  sixteen  of  sulphur  combine  with  one  of !. 
drogen.    In  this  manner,  by  examining  the  various  e? 
raentary  bodies,  we  find  that  certain  numbers  are  e:. 
pressive  of  the  proportions  in  which  they  are  disposed 
to  unite,  and  these  numbers  represent  the  relative  weight 
of  their  atoms ;  thns,  if  1  be  taken  as  the  atomic  weigh' 
of  hydrogen,  that  of  oxygen  is  8,  thaX  of  sulphur  10,  etc 
the  atomic  weights  of  the  elementary  bodies  ha\  o  be- 
given  in  Lecture  XXXIV, 

Od.  If  two  substances  iniite  with  each  other  in  moi 
■proportions  than  one,  those  proportions  bear  a  very  sir, 
pie  arithmetical  relation  to  one  another ;  thus  14  graii 
of  nitrogen  will  successively  unite  with  8, 16,  24,  32, 40 
gr^ns  of  oxygen,  forming  successively  the  protoxide  of 
nitrogen,  the  deutoxide,  hyponitrous  acid,  nitrous  acid 
and  nitric  acid.    And  when  the  numbers  expressing  the 
amount  of  oxygen  are  examined,  it  is  seen  that  they  an 
in  the  second  twice,  in  the  third  thrice,  in  the  fourth  fo'n'C 
times,  and  in  the  fitih  five  times  the  amoant  of  the  fin  -,f 
they  are,  therefore,  simple  multiples  of  it.     The  reas 
of  this  is  plain  when  we  write  the  constitution  of  the 
bodies  in  symbols ;  they  are  successively, 

:N'O..IfO^..ZfO.,..JVO^..JVO,i 
and  if  one  atom  of  oxygen  weighs  8,  two  must  weij, 
16,  three  24,  four  32,  etc. ;  the  multiple  law,  therefore 
is  a  necessary  consequence  of  the  combination  ofatomu. 

Observation  has  shown  that  there  are  two  series  ac- 
cording to  which  bojjies  may  unite  with  each  other: 

Give  nn  example  in  each  ease.  WJiat  do  tlie  namlierB  represent? 
Giva  examples  of  these  nnmbers.  What  is  meant  by  the  mnltiplo 
Inw  ?    Give  an  example  of  it  in  the  case  of  nitrogen  and  oxygen. 
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(1.)  1  atom  of  A  may  unite  with  1, 2,  3,  4,  5,  etc.,  atoms  of  B 
(3.)  1  atom  of  A  may  uuito  with  J,  I,  ij,  3,  2^,  3,  etc.,  atoms  of  B. 

But  as  an  atom  is  indivisible,  there  can  be  no  suuli 
tbing  as  a. half  atom ;  consequently  the  second  series  be- 
comes, 

(3.)  2  atoms  of  A  may  unite  with  1,  2,  3,  4, 5,  etc.,  atoms  of  B. 

T!ie  three  foregoing  laws  are  known  under  the  name 

■>f  the  laws  of  combination ;  they  are  the  law  of  definite 

■oportions,  tbe  law  of  numbers,  and  the  multiple  law, 

^Ohere  are  three  ways  in  ■which  the  composition  of  a 

jstanee  may  frequently  be  expressed ;   1,  by  atom ; 

by  "weight:  3,  by  volume.    Thus  the  constitution  of 

ater,  by  atom,  is  one  of  oxygen  to  one  of  bydrogen; 

/  ■weight,  it  is  one  of  hydrogen  to  eight  of  oxygen; 

.nd  by  volume,  two  of  hydrogen  to  ono  of  oxygen. 

These  different  modes  of  expression  involve  nothing 

contradictory ;  they  ai'e  all  reconciled  by  the  statement 

';at  the  atom  of  oxygen  is  eight  times  as  heavy  as  that 

'hydrogen,  but  only  half  the  size. 

By  some  authors  the  terms  combining  proportion  and 

j^uivalent  are  used  ;  they  are  to  be  understood  as  hav- 

g  the  same  signification  as  atomic  weight.     And  as 

3  know  nothing  of  the  absolute  weight  of  atoms,  but 

jly  their  relative  proportions  to  each  other,  we  may 

select  any  substance  with  which  to  compare  all  the  rest, 

and  make  it  our  unit  or  term  of  comparison.    In  this 

■  jook  hydrogen  is  employed  for  this  purpose,  and  its 

tomic  weight  is  marked  1 ;  on  the  Continent  of  En- 

■■■pe  oxygen  is  selected,  and  marked  100.    It  is  obvious 

-.t  this  does  not  affect  the  relationship  of  the  num- 

vs,  for  it  is  the  same  thing  whether  we  state  the  atom- 

iveigbts  of  hydrogen  and  oxygen  as  1  to  8,  or  as  12^ 

100. 

Combinations  may  take  place  in  two  different  ways : 
.,  in  definite  proportions ;  2d,  in  indefinite  proportions. 
i  is  to  the  former  that  all  the  foregoing  observations 
id  laws  apply.    One  grain  of  hydrogen  will  not  utaite 

■Wliat  arc  the  two  series  in  nliich  tiodiea  may  unite?  In  what 
ways  may  tlio  composition  of  a  hody  be  expressed  ?  How  is  the  con- 
•radiction  reconciled?  What  do  proportion  and  equivalent  signify  p 
What  substances  are  used  hs  standards  of  conpariEOn  ?  What  are 
the  two  modes  of  combination? 

12 
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with  nine  or  seven  grains  of  oxygen,  but  only  wit' 
eight.  But  ono  drop  of  spirits  of  wine  may  combim 
with  one  of  water,  or  with  a  pint,  or  a  quart,  or  tei 
gallons.  This  is  what  is  understood  by  union  in  indefl 
nite  proportions. 

When  two  gaseous  bodies  unite,  theiv  combining  pro- 
portions bear  a  simple  relation  to  each  other ;  one  vol- 
ume of  hydrogen  unites  with  one  of  chlorine,  and  pro- 
duoefi  two  volunaes  of  hydrochloric  acid.     And  in  t' 
case  of  the  five  compounds  of  nitrogen  just  referret'^ 
two  volumes  of  that  gas  combine  successively  with  . 
3, 4, 5  of  oxygen. 

A  relation,  therefore,  exists  between  the  combir. 
volume  and  the  atomic  weight  of  gaseous  bodies, 
the  weight  of  a  given  volume  of  oxygen  be  called  IOC 
that  of  an  equal  volume  of  hydrogen  will  be  62.5,  thes^ 
nnmbera  representing,  of  course,  the  specific  gravity  of 
the  two  gases.     The  proportion  in  which  they  tinite  ' 
one  volume  of  oxygen  to  two  of  hydrogen  to  form  ^\ 
ter ;  the  relative  weights  of  these  quantities,  therefc 
would  be  100.0  to  6.25X2;  that  is,  100.0  to  12.50;  '; 
these  numbei's  are  the  atoniio  weights  of  the  bodies  i 
spectively.    From  such  considerations,  it  was  at  c 
time  supposed  that,  in  the  case  of  all  gases,  the  spec 
gravities  would  correspond  to  the  atomic  weights.    E. 
peiience  has,  however,  shown  that  this  ia  not  the  case 
as  IS  seen  m  the  following  table 


Hydrogen 

0600 

1 

100 

1 

9727 

14  12 

100 

14. 

Carbon  (hTpothetical) 

i2l3 

6  12 

100 

Chlorine 

2  4700 

85  84 

100 

85. 

lodme 

8  7011 

12(,30 

100 

Bromine 

5  39'iO 

Mercury 

6^610 

lOl 

SOO 

202 

Oxygen 

1  103, 

It. 

50 

4  8373 

62  8 

sr- 

15. 7t 

Arsenic 

10  3620 

1G0  8 

23 

37.7 

Snlphur 

6f4'<0 

')b48 

16.66 

16,lu 

From  this  it  is  seen  tbat  if  the  combining  volume  of 
hydrogen,  nitrogen,  or  chlorine  be  taken  as  unity,  tha* 

What  relation  is  observed  when  gases  combine  by  volnmc  ?  WJia 
is  the  relation  betweetj  specific  gravities  and  atomic  weights? 
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)f  oxygen  is  one  half,  of  vapor  of  phosphorus  one  fourth, 
and  of  vapor  of  sulphur  one  sixth. 

A  new  system  of  notation  has  heen  proposed  hy  Ger- 
'lardt,  with  a  view  to  establish  a  eoDstant  relation  be- 
tween the  atomic  weight  of  bodies,  their  specific  gravi- 
tira,  and  vapor  volumes.  He  suggests  that  hydrogen 
should  be  the  standard  unit  for  the  atomic  weight,  com- 
bining volume  and  specific  gravity,  and  that  the  equivar 

nts  of  cei  tarn  bodies  shiuldbe  doubled,  as  toUows: 


Sy    ,„L 

Hydiogen 

H 

] 

Tellmium 

1 

Caibon 

t 

1 

The  symbols  that  iie  itihoized  lepiesent  the  doubled 
itomic  weights 
The  specific  gravity  is  referred  by  Gerhardt  to  hydro- 
n  instead  of  air,  and  this  has  the  advantage  of  gen- 
illy  representing  by  one  set  of  figures  both  specific 
ravities  and  atomic  weights.    Thus  oxygen  is  1 8  times 
avier  than  hydrogen ;  its  specific  gi-avity  would  there- 
re  be  16 ;  and  as  it  combines  with  hydrogen  in  the 
i'oportion  of  8  to  1,  that  is,  as  16  to  2,  it  will  take  2  at- 
oms of  hydrogen  to  form  water.    Hydrogen  is  thus  sup- 
nosed  to  unite  in  the  proportion  of  two  atoms  to  one  of 
oi^gen,  and  hence  water  is  a  suboxide  of  hydrogen, 
'i^O.    Nitric  acid  becomes  I^O^H,  and  sulphuric  acid 

The  radical  change  that  this  system  requires  in  the 
menelature,  together  with  the  straining  of  facts  that 
demands,  have  prevented  its  genera!  adoption. 
On  the  principles  which  have  just  been  developed,  we 
I  often  calculate  the  specific  gravity  of  a  compound 
■,3  with  more  accuracy  than  it  can  be  determined  ex- 
cnraentally.  Thus  hydrochloric  acid,  which  consists 
r  equal  volumes  of  chlorine  and  hydrogen  united,  with- 

What  is  the  object  of  Gerhardt's  nomenclatnra  ?  What  sugges- 
tions does  he  make?  What  is  the  advantage  of  referring  specific 
■;rnyities  to  hydrogen  ?  On  this  theory,  what  is  the  composition  of 
water  1  How  may  the  speoifle  gi'avity  of  a  compound  gaa  be  de- 
tennined  ? 
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out  condensation,  must  have  a  specific  gravity  of  1.2695, 
because  tiie  specific  gravity  of  hydrogen  being  0.0690, 
and  that  of  chlorine  2.4V00,  the  sum  of  which,  2.5390,  it 
the  weight  of  two  volumes  of  bydroeblorio  acid,  and; 
therefore,  if  we  divide  by  2,  tbe  quotient,  1 .2695,  is  equai 
to  the  weight  of  one  volume ;  or,  in  other  words,  the 
specific  gravity  of  the  compound  ^ae. 

Sometimes,  also,  we  can  determine  the  sp.eciflc  gravi- 
ty of  a  vapor  by  calculation  when  it  is  impossible  to  d 
so  experimentally.    Assuming  that  one  volume  of  c^ 
bonio  acid  gas  contains  one  volume  of  oxygen  and  c 
of  carbon  vapor,  we  have, 

Specific  Gravitj  of  Cfltbomo  Acid 1.B23B 

"  "         Oxygen 1.1025 

"  "         Carbon  Vapor 4213 

The  hypothetical  specific  gravity  of  tbe  vapor  of  carbon 
is  therefore  .4213. 

Tlie  rule  for  the  calculation  of  specific  gravities,  o' 
the  foregoing  principles,  is,  "Multiply  the  specific  gra" 
ities  of  the  simple  gases  or  vapors  respectively  by  t- 
volumes  in  wliich  they  combine ;  add  those  products  ti 
gether,  and  divide  the  sum  by  the  number  of  volumf 
of  the  compound  gas  produced." 


LECTURE  XXXA^I. 
CoicsTiTuxiON  OF  BODIES.  — Gri/staUizcttioti.  —  St/slems 

of  Crystals. — Dimorphism. — IsomoTphism. — J 

TnorphouB  Groups.  —  Isomerism.  —  Metmneric   ai. 

JPolymeeio  Bodies. — AlloVropia  States  o/Modies. 

It  frequently  happens  that  substances  assuming  ti 
solid  form  from  the  liquid  or  vaporous  states,  take  ( 
a  geometrical  figure,  being  terminated  by  sharp  edg, 
and  solid  angles ;  under  such  circumstances,  they  ar 
said  to  crystallize.  Thus  common  salt  will  cryst^iz 
in  cubes,  and  nitrate  of  potassa  ia  wx-sided  prisms. 

The  various  geometrical  forms  which  crystals  can 

How  is  the  hypothetical  specific  grarity  of  the  vapor  of  carbon 
delerminedf  Give  the  rule  for  calculating  specific  grayides  ofcom- 
Ijound  gases. 
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ihiis  assume  may  be  divided,  into  six  classes  or  sys- 
tems: 

(i.)  TbeEcgular  Bjstem. 
(3.)  The  Rhombohedi-nl  system. 
(S.)  The  Square  Pnsmatic  sjatem. 
(4.)  Tlie  Bight  Prismatic  system. 
(5.)  The  Oblique  Prismatic  system. 
(6.)  The  Doubly  Oblique  Prismatie  system. 
This  division  is  fonnded  on  the  relations  of  certain 
■^nes  or  axes  which  may  be  supposed  to  te  drawn 
^.vough  the  centre  of  the  crystal  round  which  its  parts 
ft  symmetrically  arranged. 


THE  EEGUtAH  SYSTEM. 

This  has  three  equal  axes  at  right  angles 


^    i  to  each 
other. 

The  letters  a  a  show  the  direction  of  the  axes.    The 
figare  [Fig.  Ill)  represents:  1.  Tlie  cube;  2.  Me^ilar 


octahedron;  and,  3.Jihonihtc  doiiecahedroii. 

THE  SQUARE  PEISMATIC  SYSTEII. 

This  has  three  axes,  tivo  of  which  are  equal  and  the 
'■ird  of  a  different  length. 


What  nre  the  sis  sjsiems  of  ciystalliiation  ?  Upon  what  is  this 
rlivision  founded?  In  the  regular  system,  what  is  the  relation  of 
ihe  axes?    In  the  square  prismatic  syslem,  what  is  theif  relation? 
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a  a  is  tlie  principal  axis,  5  b  the  secondary  ooe.  In 
the  figure  {Fig.  172),  1  is  s,  right  square  prism,  v!i\h%h& 
axes  on  the  center  of  the  eidea,  b  h;  2  is  a  right  square 
prism,  with  the  axes  in  the  edges ;  3  and  4,  correspond- 
ing right  square  octahedrons. 

THE  EIGHT  PKISMATIC  SYSTEM 

has  three  axes, aa,hb,ec,  of  xmequal lengths, at  right 
angles  to  each  other. 
In  the  figure  (Fig.  173),  \  la  a  rig/ti  reciangulv 


prism  J  2.  night  rhombic  prism  ;  ^■■'    , 

based  octahedron  ;  4.  Might  rhombic-based  octahedron. 

THE   OBLIQUE  PEISMiTIC  SYSTEII 

lias  three  axes,  which  may  he  unequal;  two  are  placet, 
at  right  angles  to  each  other,  and  the  third  is  oblique 
to  one  and  perpendicular  to  the  other. 

In  the  figure  {Mg.l1i),l  is  an  oblique  rectangular 


prism  ;  2,  Oblique  rhombic  prism ;  3.  Oblique  rectati- 
gvlar-based  octahedron  ;  4.  Oblique  rhombic-based  octa- 
hedron. 

n  the  right  prismatic  Ejstem? 
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THE  DOL'ELY   OBLIQUE  PEISMATIC  SYSTEM 

IS  three  axes,  ■which  may  be  all  unequal  and  all  oblique. 
In  the  figure  {Fi<j.  175),  1  and  2  ave  doubly  oblique 


I  four  axes,  three  of  -which  are  equal  in  the  same 
Diane,  and  inclioed  at  angles  of  60° ;  the  fourth,  which 
•  the  principal  axis,  is  peroendicular  to  all. 

In  the  figure  (Mff.ns),!  ia  the  regular  six-sided 


'i'ism;  2,  the  doSecafieUron  ^ 
aother  dotkcahed/ron. 
It  often  happens,  owing  to  a  change  in  the  deposit  of 
ew  matter  on  a  ci^stal  while  forming,  that  other  fig- 
res  than  the  proper  one  ia  produced ;  thus  the  cube 
jay  pass  into  the  octahedron,  as  shown  in  M,g.  IIT. 
The  effect  may  perhaps  be  better  conceived  by  im- 
5  the  solid  angle  of  the  cube  1  to  be  cut  off  by 
equally  inclined  to  the  constituent  faces ;  2  rep- 

What  is  tlie  relation  in  the  doublj  oWiquo  prismatic  ?  How  many 
jiGB  are  thei'e  in  the  rhomboliedral  syslem,  and  what  is  their  rela- 
ion  ?  In.  wliiit  manner  may  crystals  of  one  form  pass  into  another, 
IS  the  cnbe  into  the  octahedron  ? 


^11 
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resents  an  increased  removal  of  the  same  kind ;  3,  ono 
still  farther  advanced. 

Sometimes  it  happens  that  each  alternate  plan©  of 
crystal  gi-owH  at  the  expense  of  the  adjacent  oue,givip 
rise  to  hemihedral,  or  half-sided  crystals,  as  is  shown 
Mg.  178,  which  represents  the  tetrahedron,  arbing 

Fio.  178. 


this  manner  from  tlie  octahedron  by  the  growth  of  eac' 
alternate  face.  1.  The  octahedron  partially  modifier 
3.  The  change  farther  advanced ;  3,  The  tetrahedro 
completed. 
Tlie  angles  of  crystals  are  measured  by  goniometers 
Fig.nx  of  ivhich  there  are  sever 

al  tinds ;  as  the  common 
goniometer,  and  Wollas- 
ton's  reflecting  goniome- 
ter. This  inBtrument  i.-i 
rapresented  in  Fig.  ITP 
The  crystal  to  be  mea. 
nred,  f,  is  fixed  upon  ■ 
movable  sup]Dort,  cf,  whic' 
is  in  connection  with  tb 
button-headed  axis  of  th 
goniometer,  o,  which  pa& 
es  through  a  larger  axis 
in  the  upright,  h ;  a  is  a 
ir,  which  is  fixed  immova- 


dividod  circle,  and  e  if 
bly  on  the  upright,  b. 

The  edge  of  the  crystal,  which 


\  formed  by  the  two 

\ra  tlii>y  prodnccd  ?     Tk- 
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tacea  whose  inciination  is  to  be  measured,  is  to  be  net 
parallel  to  the  axis  of  the  instrument ;  and  having,  by 
.neans  of  the  button,  o,  turned  the  crystal  until  some 
definite  object,  such  as  the  bar  of  a  ■window,  is  seen  dis- 
'jnctly  reflected  from  it,  the  larger  milled  head  is  turned, 
and  with  it  the  divided  circle  and  cijstal,  until  the 
same  object  is  again  seen  by  reflection  ftom  the  second 
ace.'  The  angle  through  which  the  great  circle  has 
Loved,  subtracted  fi'om  180°,  gives  the  angle  included 
tween  the  two  crystalline  faces,  or  their  inclination 
each  other. 

4s  a  general  rule,  the  same  substance,  crystallizing 

der  the  same  circumstances,  will  produce  crystals  be- 

■nging  to  the  same  system.   Cases,  however,  are  known 

-I  which  the  same  substance  belongs  to  difllerent  sys- 

ems.     Thus  sulphur  will  crystallize  in  rhombic  prisms, 

dnd  also  rhombic  octahedrons.    By  dimorphous  bodies 

we  therefore  mean  substances  which  will  ^ord  crystals 

jlongiog  to  two  different  systems. 

Dimorphism  is  frequently  connected  with  the  tera- 

;rature  at  which  the  crystals  were  produced.    Thug 

.rbonate   of  lime,  at  ordinary  temperatures,  yields 

ombohedrons,  but  at  the  boiling  point  of  water  right 

'lombic  prisms ;  and  with  this  diflference  of  form  a  dif- 

^rence  of  chemical  qualities  may  occur ;  the  deutosnl- 

phide  of  iron,  for  example,  crystallizes  in  cubes  which 

.emain  unacted  upon  by  water  or  sur;  but  in  the  right 

(;hombio  form  it  undergoes  rapid  oxydation  in  moist 

.ir,  producing  sulphate  of  iron.    Commonly  one  of  the 

■ft'fms  of  a  dimoi-phous  body  is  less  stable  than  the  other, 

V  id  if  the  transition  talics  place  abruptly,  it  is  some- 

nes  attended  by  a  flash  of  light. 

It  was  discovered  by  Mitacherlich  that  when  different 

mpound  bodies  assume  the  same  foi-m,  we  are  often 

'e  to  trace  a  remarkable  analogy  in  their  chemical 

imposition.     Thus  the  chloride  of  sodium,  the  iodide 

i  potassium,  the  fluoride  of  calcium,  etc,  crystallize  in 

„iie  first  system.    Tliese  substances  are  all  constituted 

How  is  tho  goniometei:  iisetl?  Wliat  is  meant  by  dimorpliona 
bodies?  What  effect  has  temperature  on  the  formation  of  crystals? 
VVliat  eoanection  is  lliore  between  chemieal  qualities  and  dimorpli- 
ism?  Wtiat  relation  ia  tliera  in  tlic  form  and  compositian  of  iodide 
of  potassium  and  cliloride  of  aodium? 
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or,  taking  Mus  tbe  general  symbol  for  the  metals,  ant 
It  for  tlie  electro-negative  radicals,  the  class  is  consti- 
tuted upon  the  type 

M,S, 
and  thererefore  includes  such  bodies  as 

KCl..l}raa..KBr..KF..CaF..AmCl...,^la. 
Such  sutstances  sre  called  isomoi-phoua  bodies,  and 
designations  isomorphous  elements,  isomorphous  gro 
ave  used,  being  derived  from  (uoc,  equal,  in>p<j>-ri,  form. 

Let  us  take  a  second  more  complicated  case.  Q.i 
formula  for  common,  alum,  the  sulphate  of  alumina  ai. 
potash,  is, 

KO,  SO^+Al,  0„  SSO,+24:SO 
Ammonia  alum  is  AmO,  SO,+Al^  O^  SS0^+2iN0 
Chrome  slam  is  KO,  S0,+  Or,  0^,  3SOs4-24flO 
Ironalnmis  KO,    SO^+Fes  Oj,  BSOj+24HO 

And  in  tbe  same  way  an  extensive  family  of  alums  m 
be  formed  by  tbe  substitution  of  a  limited  utiraber  < 
various  other  bodies  comprised  in  the  gen-eral  formul, 

mO,  S0^,^-M^0^,Z80^-^UH0, 
in  which  in  represents  any  metal  belonging  to  tlie  pi 
tassium  group,  and  J/ any  one  belonging  to  the  alumi- 
num group. 

All  these  alams  crystallize  ivith  the  same  form,  an6 
Buch  illustrations  afford  iis  reason  to  believe  that  tha 
similarity  of  form  is  dae,  in  a  great  measure,  to  tV^ 
growprngr  or  (Tjr<:(n^emen(  of  the  constituent  atoms;  th  of 
in  a  compound  moUcfuk  the  substances  which  can  : 
place  one  anoth&f  without  giving  rise  to  a  cluinge  ■ 
external  form  must  Tiave  certain  relationships  to  ea 
other.     We  call  them,  therefm'e,  isomorphous. 

From  the  external  forms  of  bodies  ^we  may  next  tu. 
to  their  internal  constitutions,  calling  to  mind  what  hi. 
been  already  observed  in  Lecture  XSXV.,  that  identi- 
ty of  composition  by  no  means  implies  identity  of  char- 
acter.    Two  substances  may  be  composed  of  the  same 

Why  are  they  called  is 
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!,  unitecl  in  the  same  pvoportions,  and  yet  be  to- 
'aliy  unlike ;  and  it  ia  obvious  that  this  may  be  due  to 
two  different  causes :  Isfc.  Difference  of  grouping ;  2d. 
Difference  in  the  absolute  number  of  atoms. 

Difference  of  gi-ouping  I  have  already  expldned  in 
the  lecture  just  quoted ;  and  with  respect  to  difference 
tn  the  absolute  number  of  atoms,  the  effect  is  obvious 
;'om  au  example.    Thus  we  have  as  the  constitution  of 


d  these  bodies,  if  analyzed,  would,  of  course,  yield 

ecisely  the  same  proportions  in  100  parts,  the  true 

.fference  being  that  the  atom  of  acetic  ether  contains 

liwiee  as  many  constituent  atoms  as  that  of  aldehyde, 

iud  is,  therefore,  exactly  twice  as  heavy,  though  equal 

weights  of  the  two  will  yield  equal  quantities  of  their 

^^lOnstituents. 

To  these  peculiarities  the  term  isomerism  is  applied, 

-d  by  ieomeric  bodies  we  mean  bodies  composed  of 

le  same  elements  in  tbe  same  proportion,  but  differing 

1  properties.     When  isomerism  arises  from  difference 

gi-onping,  the  bodies  are  said  to  be  metameric ;  and 

'hen  it  arises  from  difference  in  the  absolute  number 

jf  atoms,  they  are  called  polymeiic. 

There  is  a  third  cause  which  gives  rise  to  the  phe- 
nomena of  isomerism :  it  is  tbe  ^lotropic  condition  of 
"lementavy  bodies.     Carbon,  for  example,  exists  under 
"  number  of  different  forms ;  we  find  it  as  charcoal, 
umbago,  and  diamond.    They  differ  in  specific  gravi- 
',  in  specific  heat,  and  in  their  conducting  power  as 
■spects  caloric  and  electricity.    In  their  relations  to 
fht,  the  first  perfectly  absorbs  it,  the  second  reflects  it 
;e  a  metal,  the  third  transmits  it  like  glass.    In  their 
lation  to  oxygen  they  also  differ  susprisingly ;  there 
oe  varieties  of  charcoal  that  spontaneously  take  fire  in 
he  air,  but  the  diamond  can  only  be  burned  in  pure 

What  two  causes  may  givo  to  bodies  of  Iho  same  composition  dif- 
ferent oharactei's  ?  Giio  an  example  of  the  effect  of  differeneo  of 
the  absolute  mimber  of  atoms.  Whatis  meant  by  jsomeiism?  What 
are  metameric  and  polymeric  bodies?  What  is  meant  by  the  allo- 
ti'opio  condition  of  bodies  ?    What  allotrapic  stales  does  carbon  pi'c- 
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oxygen  gas.     The  second  and  third  varieties  do  not  be- 
long to  the  same  crystalline  form. 

It  is  now  known  that  a  great  many  elementaiy  sub- 
stances are  affected  in  this  manner.  Professor  Draper 
showed  that  this  is  the  case  with  chlorine  gas,  which 
changes  under  the  influence  of  the  indigo  rays  (Philo- 
sophical Magazine,  Jaly,  1844).  In  the  same  manner  it 
has  been  long  known  that  iron  exists  in  two  states 
1st.  In  its  ordinary  oxidizable  state;  2d.  In  a  conditic 
in  which  it  simulates  the  properties  of  platinum  or  go' 

There  can  be  no  doubt  that  these  peouliavitiea  r 
carried  by  these  bodies  when  they  unite  to  form  cc 
pounds;  thns,  for  example,  if  carbon  and  hydrog- 
unite,  it  is  possible  we  may  have  three  different  cor 
poands ;  one  containing  charcoal  carbon,  a  second  plum- 
bago carbon,  a  third  diamond  carbon ;  or,  if  we  desig- 
nate these  respectively  as  Ca,  C/3,  Cy,  we  may  have 

Caff...C/iJI...CyIl; 
and  perhaps,  as  M.  Millon  haa  suggested,  carbureted  h; 
drogen  gas  and  otto  of  roses,  which  have  the  same  co 
stitution,  differ  in  the  one  containing  charcoal  and  U 
other  diamond. 

These  peculiarities  are  known  under  the  name  of  all 
tropic  states,  and  the  phenomenon  itself  under  the  der 
igiiation  of  aliotropism. 


LECTURE  XXXVIII. 
Chemical  Aj'finity.  —  Phenomena  aGoompanyir^ 
Chemical  Affinity. — Distwbanee  of  Temperature.- 
Production  of  lAgM. — Mvolution  of  Eleetricity.- 
Change,  of  (folor. —  Change  of  Fo^-m. — Change  o 
Cfiemical  Properties. — Change  of  Volume  and,  De 
sity. — Tables' of  Geoffiroy. — Measure  of  Affinity.- 
Disturbing  Causes. —  Catalysis. 

Bt  chemical  affinity  we  mean  the  attraction  of  atomi 
of  a  dissimilar  natnre  for  each  other,  an  attraction  which 
is  exhibited  upon  the  apparent  contact  of  bodies. 

How  may  an  allotropic  chanse  be  impressed  on  chlorine  F  What 
nro  tho  allotropic  states  of  iron?  Are  the  pecnliacities  continued  in 
their  compounds?    What  ia  meant  by  chemical  affinity? 
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There  are  certain  striking  phenomena  which  very  fre- 
quently accompany  chemical  actioE.  They  are  the  evo- 
'nition  of  Light,  Heat,  and  Electricity ;  and,  as  respects 
xhe  bodies  engaged,  they  may  exhibit  changes  of  color, 
of  form,  of  volume,  of  density,  or  of  their  chemical  prop- 

If  in  a  glass  vessel,  a,  Mg.  ISO,  a  mixtnre  of  strong 
sulphuric  acid  and  water  be  stirred  together  p,j,  igj. 
by  means  of  a  tobe,  h,  containing  eonie  eulphnr- 
io'  ether,  so  much  heat  will  be  evolved  by  the  ^ 
acid  and  water  as  they  unite,  that  the  ether 
will  be  made  to  boil  rapidly. 

3Jf  upon  some  water  contained  in  a  shallow 
d?;sh,  Fig.  181,  a  piece  of  potassium  be  tbrov 
f'ne  potassium  decomposes  the  water  with 
r.he  evolution  of  a  beautiful  lilac  flame. 

As  respects  the  evolution  of  electricity 
■  during  chemical  action,  the  Voltaic  bat-  - 
te.ry,  and,  indeed,  all  Voltaic  eombmatione, 
are   examples.     la  the  simple  circle  we 
hpvve  already,  in  Lecture  XXIX.,  traced  the  production 
ofi' electricity  to  the  decomposition  of  the  water. 

We  have  obsei-ved  that  the  evolution  of  Light,  Heat, 
A'.fD  Electeicity  is  not  the  only  phenomenon  to  be  re- 
iriarked  during  the  play  of  chemical  affinity;  theponder- 
rable  substances  themselves  undergo  changes. 

If  in  a  glass  containing  litmus  water  a  drop  of  sul- 
,r)burio  acid  be  poured,  the  blue  color  of  the  litmus  is  at 
<jnce  changed  to  a  red,  and  if  into  the  reddened  liquid 
.'SO  produced  a  little  ammonia  be  poured,  the  blue  color 
IS  restored.  This  simple  experiment  is  of  considerable 
in.terest,  for  the  reddening  of  litmus  is  commonly  re- 
ce  ived  as  one  of  the  attributes  of  acid  bodies,  and  the 
restoration  of  the  blue  color  of  those  belonging  to  the 
alkaline  type. 

On  adding  to  a  solution  of  sulphate  of  copper  a  small 
q'uantity  of  ammonia,  a  pale  gi'een  precipitate  is  thrown 
f'lown ;  a  greater  quantity  of  ammonia  redissolvea  thi.s 
'jireeipitate,  and  gives  rise  to  a  splendid  purple  solution. 

What  phenomena  acconipaTiy  chemical  ndjon?  What  changes 
lire  eshibited  by  the  bodies  oHgaged?  Give  examples  of  the  evolii- 
[iou  of  heat^  IJKht,  and  eiectricitj'.     Give  examples  of  chnnges  of 


Hc^i^db,  Google 


214 


i-  COLOR  AND  FORM. 


A  similar  solution  of  sulphate  of  coppei- givea  rise,  «n  - 
del'  the  action  of  a  solution  of  ferrocyanide  of  potassium  , 
to  a  deep  chocolate-colored  precipitate. 

A  solution  of  the  nitrate  of  lead,  which  is  colorless  , 
acted  on  by  a  solution  of  iodide  ofpotassinm,  also  color-  ■ 
less,  gives  rise  to  the  production  of  a  beautiful  yellow 
precipitate,  the  iodide  of  lead. 

And,  lastly,  if  sulphuric  acid  be  placed  in  a  EoIntio'M 
of  a  soluble  salt  of  lead,  or  of  baryta,  a  white  precipita*  ^e 
at  once  goes  down. 

These  are  all  instances  of  changes  of  color,  and  si.  ich 
changes  are  of  the  utmost  importance  in  practical  che  .m- 
istry,  inasmuch  as  the  art  of  testing  depends,  for  ■  the 
most  part,  upon  a  knowledge  of  them. 

Changes  of  form  in  the  same  mariner  are  exhibited' ; 
thus,  when  gunpo  vd  i  explode^  a  large  proportion  o£ ' 
the  ingi'cdients  f  on  be  g  the  sol  d,  escapes  in  thti 
gaseous  state.  If  j  on  f  ^^  nents  of  chalk,  carbonate  j 
of  lime,  we  po  1  y  Irochlo  c  ac  d  a  violent  efferve  is- 
cence  takes  place  d  e  to  the  escape  of  carbonic  ac^d, 
which,  from  b  g  ii  the  sold  assumes  tho  gasecus 
form. 

averse  of  this  is  sometimes  seen,  vapors  pa'ss- 
ing  into  the  solid  state.  In  the  glass  ct,  Fi  g. 
182,  place  some  strong  hydrochloric  acid,  at'd 
in  b  some  strong  ammonia;  both  these  bodiecT 
'  yield  vapors  at  ordinary  temperatures  in  abun-  - 
dance,  and  those  vapors,  meeting  in  the  Mr' 
over  the  glaasea,  give  rise  to  a  dense  fame,  oi" 
'   smoke,  which,  if  examined,  proves  to  be  soUd! 


The  c 


Very  often  change  of  form  is  aeeompani'ed 
by  change  of  color ;  thus,  if  under  a  large  bi-jll 
jar.  Fig.  183,  there  be  placed  a  wine-glp:s8 
containing  a  few  copper  or  iron  nails  and  ni- 
tric acid,  a  gas  of  a  deep  orange  color  mates 
its  appearance,  filling  the  whole  bell. 

Perhaps  no  better  instance  of  an  entiro 

cliauge  of  propei'ties  could  be  cited  than  that' 

!  combustion  of  phosphorus  in  atmospheric  air. 


Hc^i^db,  Google 


CHANGES   OF  PKOPEK'flES,  213 

T.  his  substance  phosphorus  is  a  body  of  a  waxy  appear- 
ai.  'ce,  possessing  so  great  a  degree  of  com-         jr,-.  jg^ 
bi  jstibiiity  that  it  requires  to  be  kept  un-  ~ 

d.  3r  the  surface  of  ivater  to  prevent  the 
a.  ctioii  of  the  air.  If  a  piece  of  it  be  set 
olt  fire  beneath  a  clear  and  dry  bell-jar, 
a^:  shown  in  Fig.  184,  it  unites  with  great 
ei.iergy  with  the  oxygen  of  the  included 
air;,  producing  white  flakes,  which,  as  the  . 
com  bustion  is  ceasing,  descend  in  the  jar, 
givi-ag  a  miniature  repreBentation  of  a  fall  of  snow.  On 
co!U-5cting  some  of  this  phosphoric  snow,  its  properties 
will  be  found  to  be  in  striking  contrast  with  the  phoa- 
phcn"U3  which  produced  it;  for  instance, fer  from  being 
unru,oted  on  by  water,  it  has  such  an  intense  affinity  for 
tl-iat  substance  that  it  hisses  like  a  red-hot  iron  when 
brought  in  contact  with  it.  It  reddens  iitmus  solution, 
ax  id  possesses  the  qnalities  of  a  powerful  acid.  Nor  is 
the-  change  confined  to  the  phosphorus;  if  we  examine 
tht^  air  in  which  it  was  burned,  we  find  it  has  lost  its 
qnality  of  supporting  combustion. 

Changes  of  volume,  and,  consequently,  changes  of 
density,  constantly  attend  chemical  action;  a  pint  of 
water  and  a  pint  of  salphurio  acid,  mixed  together, 
form  less  than  two  pints;  and  the  same  may  be  ob- 
se.rved  of  alcohol  and  water. 

When  to  two  sabstances  already  in  union  a  third, 
halving  a  stronger  affinity  for  one  of  the  other  two,  is 
presented,  decomposition  ensues.  Thus,  if  to  the  car- 
bonate of  soda  nitric  acid  bo  presented,  the  soda  and  ni- 
tvici  acid  combine,  and  the  carbonic  acid  ia  driven  off  in 
the  form  of  a  gas.  And,  agmn,  if  upon  the  nitrate  of 
sod.a  eo  produced  sulphuric  acid  be  poured,  the  nitric 
acid  is  driven  off,  and  sulphate  of  soda  results.  It  w^ 
at  line  time  thought  that,  by  examining  a  number  of 
sncli  eases,  we  might  discover  the  order  of  aiBnity  of 
hoi^ties  for  one  another  and  arrange  them  in  tables; 
ti'.iese  are  sometimes  called  the  Tables  of  Geoffroy. 
T'hns  the  table 

"What  are  the  changes  which,  phosphorus  iradeigoes  wlien  buined 
in  the  air?  Give  an  example  of  change  of  roliime  and  of  density. 
I'/nder  what  circnmstances  does  decomposition  take  place?  Wliat 
a."o  the  Tables  of  Geoffroy  ? 
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presents  na  witli  the  order  iu  which  a  numljer  of  acit-is 
stand  in  I'elation  to  soda,  the  most  powerful  beiog  t^ne 
first  on  the  list,  aud  the  salt  which  results  from  the 
union  of  any  one  of  those  acids  with  the  soda  ca.  a  be 
decomposed  by  the  use  of  any  other  acid  standing  h  igh- 
er  on  tlie  list. 

But  it  is  now  known  that  these  tables  are  far  from 
representing  the  order  of  affinities ;  a  weaker  affin  ity 
often  overcomes  a  stronger  by  reason  of  the  iatervc  ;n- 
tion  of  distnvbiug  extraneous  causes ;  and  tables  SO  CO'ii- 
structed  lead,  therefore,  to  contradictoi7  conclusion- a. 
Some  very  simple  considerations  may  illustrate  th'is. 
Potassium  can  take  oxygen  from  carbon  at  low  temper- 
aturee,  or,  in  other  words,  decompose  carbonic  acid  f^as, 
but  it  by  no  means  follows  that  the  affinity  of  potass,  ium 
for  oxygen  is  greater  than  that  of  carbon,  and  acco'rd- 
ingly  -we  find  that  at  higher  temperatures  carbon  .can 
take  oxygen  from  potassium.  Indeed,  under  the  in  fla- 
ence  of  heat,  light,  and  electncity,  we  find  all  kinds  of 
chemical  changes  going  on,  and  in  the  same  manner  t.he 
condition  of  fonn  exerts  a  remarkable  in  fin  en  ce  in  theae 
respects,  so  that  cohesion  and  elasticity  may  be  placed 
among  the  predisposing  causes  producing  chemical  r  e- 
sults.  If  a  number  of  bodies  exist  in  a  solution  tog'sth- 
er,  they  will  at  once  arrange  themselves  in  such  a  \vay 
under  the  influence  of  cohesion  as  to  produce  insokible 
precipitates,  if  that  be  possible ;  or,  under  the  influence 
of  elasticity,  to  determine  the  evohition  of  a  gas ;  if  the 
carbonate  of  soda  be  decomposed  by  acetic  acid,  it^  by 
no  means  follows  that  the  latter  has  the  stronger  affi.nity 
for  soda,  the  decomposition  being  probably  determin'ed 
by  the  fact  that  the  carbonic  acid  can  take  on  the  ela^s- 
tie  form  and  escape  away  as  a  gas.     The  sulphate  of 

How  may  it  be  shown  that  theao  nra  not  the  tables  of  affinity'  ? 
What  may  be  enumerated  among  these  disturbing  causes?  AVlirit 
is  the  influence  of  cohesion  ?  What  is  the  inflttence  of  elastieirj .? 
Give  examples  of  the  action  of  these  disturbing  agencies  ? 
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oda  may  he  decomposed  by  baryta,  the  cause  of  the 
ecomposition  bciDg  probably  due  to  cohesion,  for  the 
sulphate  of  baryta  which  resiilts  is  a  very  iusoluble 
■>ody.     We  have,  therefore,  no  true  measure  of  affinity, 
or  the  relation  of  bodies  in  tbia  respect  changes  with 
'Sternal  conditions,  and  the  Tables  of  Geoffioy  are  only 
.ables  of  the  order  of  decompositions,  but  not  of  the  or- 
'er  of  affinity. 
Catalysis  is  a  term  which  was  first  employed  by  Ber- 
ne to  explain  those  cases  in  which  two  bodies  are 
sedto  unitebyathird,  which  itself  suffers  no  change- 
is  is  also  called  action  by  presence.    In  the  produc- 
jn  of  oxygen  from  chlorate  of  potassa  and  black  oxide 
:'  manganese,  the  latter  substance,  while  it  causes  the 
otion  to  go  on  at  a  lower  temperature,  itself  remains 
inohanged.    In  the  same  raanner,  platinum  black  will 
lause  the  union  of  liydrogeu  and  oxygen. 
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J  CHEMISTRY. 


LECTURE  XXXIX. 

Pheumatic  Chemistry. — Ancient  Opinions  on  the  C 
atitution  of  Gases. — Doctrine  of  the  TJnity  of  the  A 
— The  Fiieumatiii  Trough. —  17ie  Gasometer. — 2. 
Mercurial  Trough. — Oxygen. — Modes  of  Frepan 
lion, — Properties. —  Origin  of  its  ITanie. — RdatioK 
to  Atmospheric  Air  and  Combustion. — Burning  oj 
Metals. 

In  the  catalogue  of  tho  olemontary  bodies  of  the  r 
cienta  four  substanoes  were  enumerated — earth,  air,  fi' 
and  water.  Of  these,  three  are  now  known  to  be  c( 
pounds,  and  the  fourth  a  state  into  which  bodies  arc 
casionally  thrown.  Modern  researches  have  shown  tl 
there  are  aboat  68  different  elements. 

For  a  length  of  time  it  was  supposed  that  the  vario 
exhalations  and  vapors  were  nothing  more  than  vitiate 
forma  of  atmospheric  air;    and  though,  from  time  ti 
time,  first  one  and  then  another  of  the  gaseous  bodie 
was  discovered,  chemists  were  slow  to  admit  that  the. 
were  any  thing  more  than  modifications  of  one  commc 
principle.    Thus  Roger  Bacon,  in  the  thirteenth  centu- 
ry, discovered  one  of  the  carburets  of  hydrogen,  a*^ 
Van  Helmont,  in  the  sixteenth,  carbonic  acid.     The 
visibility  of  these  bodies — their  remarkable  chemical 
lations  in  extingnishing  flame  and  producing  death —  * 
great  mechanical  force  to  which  they  often  gave 
when  generated  in  pent-up  vessels — their  occorrencb 
mines,  the  bottom  of  wells,  in  church-yards,  and  lone, 
places,  suggested  to  a  superstitious  mind  a  supernatur; 
origin,  and  Van  Helmont  gave  them  the  name  of  gaa, 
which  signifies  a  ghost  or  spirit. 
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But  it  is  to  the  researches  in  the  properties  of  fixed 
air,  or  carbonic  acid,  which  Black  made  in  1757,  that 
pneumatic  chemistry  owes  its  origin.  These  were  soon 
followed  by  tho  discoveries  of  Priestley,  Scheele,  and 
others.  That  of  oxygen  gas  by  tbe  former  of  these 
philosophers  in  1774  forever  destroyed  the  ancient  no- 
tion of  vitiated  airs,  for  this  gas  can  support  combustion 
aod  respiration  far  better  than  the  atmosphere.    It  may 

b.fj  said  that  modem  chemistry  dates  its  origin  from  the 

dii'sGovery  of  oxygen  gas. 

For  the  purpose  of  confining  gasea  and  manipulating 

w'lth  them,  a  contrivance  of  Priestley's,  the  pneumatic 

t."o«gh,  Fig.  185,  is  of  continual  use.    It  consists  of  a 


water-tight  trough  or  box,  in  which  a  shelf  is  placed  at 
a-  distance  of  an  inch  or  more  under  the  level  of  tbe  con- 
ta  ined  water.  The  jars  to  hold  the  gases  are  filled  with 
w-ater,  and  placed  month  downward  on  this  shelf.  When 
gas  is  disengaged  from  materials  contained  in  a  retort, 
the  end  of  the  retort  neck  Is  caused  to  project  under  the 
mouth  of  one  of  the  jars,  and  the  gas  rises,  bubble  by 
bubble,  eventually  filling  the  jar.     When  that  is  accom- 

Bj  whom  was  the  doclrine  of  the  plurality  of  gusea  estnblished  ? 
Who  inrented  the  iineiiEiatic  ti'oiigli?  Describe  it.  How  are  the 
jaw  ailed  ? 
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pliehed  the  jar  may  be  moved  to  one  side,  or,  a  plate 
being  inserted  under  its  mouth,  it  may  be  taken  out- of 
the  trough  altogether,  as  at  £. 

■When  laroje  quantities  of  gas  are  to  be  preserved,  a 
gasometei,  J^i(7  186,  is  emplojed     It  consiata  ofalaige 


Fu\'^ 

Rfc^'      ^1 

cjlmdnoil  vessel,  counterpoised  in  a  tink  of  watei  b  y 
the  aid  of  eh'Jias  ind  weights  Tt\o  pipes  open  into  t 
below,  one  to  bung  in  the  gas  fiora  the  factory,  the 
other  to  distiibute  it  where  nanted  As  gas  accumu 
lates,  the  cylindncal  vessel  uses  out  of  the  watei  moie 
and  more,  until,  when  its  lower  edge  la  on  the  surface , 
It  IS  full.  The  T^atens  kept  tiomfieezing  in  winter  by 
the  aid  of  jet«  ot  oteim 

As  all  gases  are  nioire 
01  less  soluble  in  wa- 
tei, and  some  to  sue:li 
an  extent  that  they  caJi 
not  be  collected  over 
that  fluid,  the  merfu- 
/  inl  tiougb,  Mg.  l&%. 
has  occasionally  to  be 
employed.    It  is  in  all 

J  Jespects  similar  t<i  the> 

pneumatic  trough,  ex- 
cept   that   its    size    is 
15  the  \ise  of  the  mercurial  Irougii  ? 
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limited  by  tho   expense  and  weiglit  of  the  quicksil- 

OXTGEN.     0  =  8, 
Oxygen  gas  is  pvobably  the  most  abundant  of  the 


i.  It  constitutes  about  one  third  of  the  weight 
of  tbe  solid  mass  of  the  earth,  eight  ninths  of  that  of 
the  watei-3  of  the  sea,  and  one  fifth  of  tho  volume  of  t!io 
ai'iV.  A  simple  mode  of  prepaving  oxygen  is  to  place  in 
a  ;retort,  a.  Fig.  188,  some  red  oxide  of  mercury,  con- 


nfjcting  with  the  retoi't  a  loceivei,  b,  tioni  which  theie 
pa  3ses  a  bent  tube,  f ,  dipping  below  tiie  water  of  a  pneu- 
miatic  trough,  g.  On  raising  the  temperature  by  a  lamp, 
tAe  oxide  is  decomposed  into  metallic  mercury  and  oxy- 
g^en  gas ;  the  former  distills  into  tbe  receiver,  5,  and  the 
!-atter  collects  in  the  inverted  jar  in  the  trongli.  Tliis 
M'as  the  process  resorted  to  by  Priestley. 

It  may  also  be  readily  procured  by  heating  in  a  flask, 
^,  Mff.  189,  a  mixture  of  1  part  j.,j_  ,gg. 

of  peroxide  of  manganese  and  8 
parts  of  powdered  chlorate  of  po- 
ta^ssa.  To  the  mouth  of  the  flask 
a  .tube,  i,  is  adapted  by  means  of 
a  t'ight  cork,  the  lower  end  of  the 
tultjB  dipping  beneath  a  jar,  c,  on 
t'iie  pneumatic  trough.  On  rais-  ' 
i'ng  the  temperature  of  the  flask  by  a  spirit-lamp,  oxygen 
■-J3  freely  evolved.  It  is  derived  from  the  chlorate  of 
p  otassa  altogether,  tlie  peroxide  of  manganese  merely 
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acting  by  presence  (catalysis).  The  change  is  as  fol- 
lows ; 

that  is,  cbloride  of  potassium  arises,  and  six  atoms  o  f 
osygen  are  given  off.  One  ounce  of  the  chlorate  wil'. 
yield  about  two  gallons  of  the  gas,  A  mixture  of  chlor-  • 
ate  of  potassa  with  one  tenth  its  weight  of  sesquioxidc! 
of  iron  also  yields  oxygen  with  facility  and  at  a  I'o  w 
temperature. 

On  a  large  scale  oxygen  is  prepared  by  heating  j^jer- 
oxide  of  manganese  {Mn  0^)  to  a  red  heat  in  a  wrouji;ht 
iron  bottle  or  retort.  One  pound,  if  pure,  will  yield  fi  ve 
gallons  of  the  gas,  the  manganese  pai'ting  with  abovit 
one  third  of  its  oxygen. 

It  may  also  be  produced  by  beating  a  mixture  of  b'i- 
chromate  of  potassa  and  sulphuric  acid,  or  peroxide  o-f 
manganese  and  sulphuric  acid. 

Oxygen  gas  may  be  procured  directly  from  the  iLt- 
mcrapbere  by  the  aid  of  bai^ta.  If  a  current  of  air  con- 
taining a  small  amount  of  water,  and  free  from  carbonic 
acid,  be  passed  over  baryta  beated  to  a  low  redness ,  it 
absorbs  oxygen  and  becomes  peroxidized.  After  a  trme 
the  cnrrent  of  air  is  to  be  shut  off  and  the  temperat.ure 
rdsed,  when  the  baryta  is  reduced  again  to  the  condi- 
tion of  protoxide,  and  oxygen  is  given  off.  The  oper  a- 
tion  may  then  be  repeated.  A  pound  of  bai-yta  wi.li 
yield  nine  gallons  of  pure  oxygen  gas. 

This  gas  can  also  be  obtained  by  passing  the  yapu'-r 
of  sulphuric  acid  through  a  porcelain  tube  heated  to 
redness.  The  products  are  oxygen,  water,  and  sulphm'- 
ous  acid.  The  sulphurous  acid  is  removed  by  passing 
it  through  a  solution  of  carbonate  of  soda,  suiphtte  ynd 
bisulphite  of  soda  arising.  The  latter  is  valuable  in  \the 
arts  for  the  removal  of  chlorine.  A  fluid  ounce  of  sul- 
phuric acid  produces  360  cubic  inches  of  oxygen. 

Oxygen  is  a  colorless,  inodorous,  and  insipid  body. 
It  is  a  non-conductor  of  electricity,  and  has  the  least  r^e- 
fractive  power  of  any  of  the  gases.  Its  specific  gravity 
is  greater  than  that  of  air  in  the  proportion  of  1.1057 
to  1.000.     It  is  16  times  as  heavy  as  hydi-ogen.     Ol^b 

Describe  its  prepsmtion  from  peroxide  of  mangaaese.  Hoiv  i:'^ 
oxygen  prepared  by  the  oid  of  baryfa ;  of  sniphurio  ncid  ?  Whr  't 
are  its  leading  physical  properties?     What  is  its  speciDc  gi'avily  ? 
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'Hundred  cubic  inches  of  it  weigli  34.24  grains.  It  13  a 
jOOwerful  electro-negative  element,  and  is  the  most  mag- 
'netic  of  all  gases.  It  has  never  been  condensed  into  the 
liquid  form. 

It  is  slightly  soluble  in  water,  100  cubic  inches  of  wa^ 
ter  at  60  dissolving  3  cubic  inches  of  it.  Upon  this 
supply  all  water-breathing  animals  depend  for  the  aera- 
4i()n  of  their  blood- 
Oxygen  is  a  neatrai  gas,  not  altering  the  tint  of  blue 
or  red  litmus  water,  but  it  gives  rise,  on  uniting  with 
mR;ny  other  bodies,  to  powerful  acids. 

Atmospheric  air  owes  its  power  of  supporting  com- 
b;astion  and  respiration  to  the  presence  of  oxygen.  If 
a.  stick  of  wood  with  a  spark  on  the  end  be  plunged 
'into  this  gas,  it  bursts  out  at  once  into"  a  flame.  A 
".piece  of  tow  saturated  with  ether,  if  inflamed  in  oxy- 
gen, causes  an  intense  combustion  throughout  the  jar. 

A  lighted  taper.  Fig.  190,  immersed  in  oxy-  Fi^.  leo. 
g'en,  consumes  away  rapidly,  the  wax  itself,  in  a     O 
melted  state,  burning  as  well  aa  the  wick.    The     «r|' 
combustion,  however,  soon  comes  to  an  end  and    J U 
tlie  taper  dies  out,.because  of  the  production  of  f.iV\ 
carbonic  acid  from  the  union  of  the  oxygen  with  y^el 
t'ne  carbon  of  the  candle.  w(^j 

If  a  piece  of  charcoal-bark  in  an  ignited  state   \=if 
s  put  in  a  vessel  of  oxygen,  Mff.  191,  the  combustion 


.is  greatly  accelerated,  and  a  multitude  of 

'Scintillating  fragments  are  thrown  off. 
When  the  charcoal  dies  out,  a  little  lime- 
water  poured  into  the  vessel  and 

h.ecomes  white,  from  the  prodi 

Carbonate  of  lime  by  the  union  of  thi 

b  onic  acid  which  had 

burning,  with  the  lime. 

Sulphur  bvirna  in  oxygen  with  a  beautiful 

p.urple  flame,  becoming  converted  into  sulphur- 
ous acid  (80^.  If  the  jar  be  placed  in  a  dish 
of  water  tinged  with  blue  litmns,  the  liquid 
will  gradually  redden  as  the  acid  is  produced. 
Many  substances  commonly  regarded  as  in- 
combvistible  burn  with  brilliancy  in  oxygen.    If 


Fig.  191. 
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apiece  of  iioa  wire  be  coiled  into  a  spiral,  Mg.  192,  ant.'. 
■>  tiigmeut  of  ignited  wood  attached  to  its  lower  part,, 
on  imnifci  sin  ^  it  iti  oxygen  the  iron  takes  fii'e,  white-hoio 
III  w.  beads  of  oxide  of  iron  accui- 

miilating  and  falling  off  from 
the  end  of  the  wire.  It  is  nec- 
essary to  put  water  in  the  botr 
torn  of  the  jar,  to  prevent  %\i& 
heated  globules  melting  thfiir 
way  through. 

A  stream  of  oxygen  from  a 
gas-holder  being  thrown  up  on 
an  iron  nail  made  red-Lot  :in 
the  flame  of  a  spirit-lamp,  Mg. 
193,  causes  the  iron  to  bmiu 
with  rapidity, emitting  a  show  - 
ne  means  a  platinum  wire  may 


LECTURE  XL. 
OTiNiTED. — Drummond^  JAghi. — ComMfs- 
tion  of  Phosphorus   and  Zinc.  —  Changes   during 
Combustion. — Lavoisier's  Doctrine. —  Oxides,  Sasio-, 
Indifferent,  and  Acid. — Fhysiological  Itelatione  of 
Oxygen. — Su^orter  of  Combustion  and  Comesti- 
ble.— Fkime.  —  Constancy  of  Seat  evolved. —  Vege' 
table  Production  of  Oxygen. — Ozomb. — Properties. — 
Production. — Detection. — Antozone. 
Ip  a  piece  of  lime  be  placed  in  the  flame  of  a  spiri.t- 
lamp  throagh  wliich  oxygen  is  directed  by  a  blowpip's, 
the  lime  emits  a  light  of  such  brilliancy  that  the  eye 
can  scarcely  bear  it.    This  is  known  as  the  Di-ummO'O'J 
light,    A  much  more  intense  light  ia  produced  whe:re 
a  stream  of  ignited  oxygen  and  hydrogen  is  throw  'n 
upon  the  lime,  the  calcium  lights  used  in  open-air  illu  - 
minatioDS  being  produced  in  this  way. 

A  vivid  light  also  originates  when  phosphorus  is 
burnt  in  oxygen,  JJj/.  194,     If  the  spoon  in  which  the 

What  is  its  effect  on  an  ignited  iron  wire?  What  is  the  Drum- 
mond  light?  What  ai'e  the  phenomena  of  comliustion  of  phosphonig 
in  oxygen? 
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melted  phosphorus  is  contained  be  Bhal  ,     ,  ,* 

low,  the  entire  interior  ot  thejai  becomes 

filled    with    flaming   phosphorus   "v  tppi , 

and  the  effect  upon  the  eje  is  the  &ame  j 

as  that  caused  by  lookmg  at  the  sun 

The  white  flakes  which  fall  hke  n,  minn 

ture  snow-storm  in  this  expeiiment  con 

Si'st  of  phosphoric  acid  {PO^      It  the) 

51-e  scraped  from  the  inteiior  of  the  jai 

.id  dipped  into  water,  a  hissing  sound  is  licaid,  ciused 
'  the  intense  afRnity  of  the  acid  for  ■«  ater 
Pieces  of  zinc  foil  or  shavings  of  that  metal,  if  tipped 

'jth  sulphur  and  introduced"  lighted  into  oxjfgen,  hum 
with  an  intense  green  hght,  the  oxide  of  zinc  {ZnO) 
being  formed. 

When  any  combustible  is  burned  in  oxygen  two  phe- 
nomena are  witnessed — a  change  in  the  oxygen,  and  a 
change  in  the  combuetihle.  A  piece  of  charcoal,  for  ex- 
1  mple,  wastes  away,  and  the  gas  in  which  it  is  burning 

OSes  the  power  of  supporting  combustion.    Until  the 

'me  of  Lavoisier,  it  was  supposed  that  buniing  was  due 

0  the  escape  of  a  substance,  phlogiston,  from  bodies. 
*Ie  proved  that  there  is  no  loss  of  weight,  but  that  the 

iroducts  ofcombiistion  weigh  just  the  same  as  the  com- 
Dustible  and  oxygen  taken  together.  He  supposed  that 
no  combustion  could  go  on  without  oxygen,  an  idea 
now  knoAvn  to  he  eiToneous,  for  many  substances,  as 
phosphorns,  antimony,  brass,  iron,  will  burn  in  chlorine, 
their  respective  chlorides  being  foi-med.    Bromine  and 

apor  of  sulphur  will  also  support  combustion. 
In  Lavoisier's  system  of  chemistiy  oxygen  was  re- 
'^arded  as  being  the  essential  principle  of  acidity,  and 
lence  received  its  name  (from  oxus,  acid,  and  gennao, 

1  form).  But  many  acids  do  not  contain  oxygen,  as, 
n-  instance,  hydrochloric  acid  {JSCl).    It  has  since 

jeen  said  that  there  was  no  strong  acid  which  did  not 
contain  hydrogen,  and  that  therefore  that  body  was 
more  truly  the  acid  former ;  but  this  statement  is  also 
untme,  flnoboric  {JiF^  and  flttosiiicio  acid  {SiF^  be- 
ing ill  n  strati  on  s. 

Describe  l!ie  hinTJiig  of  zinc.  What  cliaRges  take  place  in  the 
.oxj'gen  Bnd  ihe  burning  body  during  combostioQ  ?     What  was  La- 
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To  the  componnda  which  arise  from  the  union  of  oxy- 
gen with  other  bodies  the  designation  of  oxides  is  given. 
There  are  three  classes ;  Ist,  Basic  oxides ;  2d.  Indiffer- 
ent oxides ;  3d.  Acids.  The  following  oxides  of  man- 
ganese furnish  good  examples  of  these  classes: 

Protoxide  of  Manganese.^ ^"0  I -^^    q^^^^^_ 

Deutoxiiifl  "  MnO,      Indifferent  Oxidas. 

Manganic  Acid. MnO,  |  j^^i^is 

Permanganic  Acid Mii^OS 

From  which  it  may  be  inferred  that  among  the  oxid- 
of  an  electro-positive  body,  the  most  powerful  baae 
that  containing  one  atom  of  oxygen;  tbat'^  the  quan 
tity  of  this  element  increases,  indifferent  bodies  may  be 
formed — that  is  to  say,  those  in  which  neither  basic  nor 
acid  qualities  are  well  marked ;  and  in  a  still  further  in- 
crease, acids  are  produced.  In  this  respect  the  ori^nal 
idea  of  Lavoisier  is  substantiated  to  some  extent. 

In  its  physiological  relations,  oxygen,  which  form 
about  one  fifth  of  the  atmospheric  air,  is  a  most  intere£ 
ing  body.    It  is  for  the  purpose  of  introdacing  this  e. 
ement  to  the  interior  of  the  system  that  the  respirator; 
mechanism  of  animals  is  necessary.    The  form  of  th 
apparatus  may  vary,  from  the  ^Us  in  fish  to  the  longs 
in  man,  but  the  object  ia  in  each  the  same.    The  gas  in- 
troduced into  the  body  arteiializes  the  blood,  and,  unit- 
ing with  combustiblea,  such  as  carbon,  hydrogen,  phos 
phorus,  salphur,  produces  the  various  manifestations  o^^ 
force  that  are  exhibited — muscular  motion,  intellectu 
operations,  etc.,  and  serves,  at  the  same  time,  to  keep  u 
the  temperatnre  to  a  standard  point  (98°  in  man),  a  cot: 
dition  essential  to  the  well-being  of  the  individual.    Th 
heat,  light,  or  other  force  set  free  in  such  cases,  or  in  f 
combustion  of  fuel,  has  al!  originally  been  derived  fro 
the  sun  and  stored  up  in  the  structures  of  plants.     Th. 
desire  for  eating  bo  continually  felt  by  animals  does  no. 
arise  from  a  mere  wish  to  gratify  the  appetite,  but  from 

What  is  tUe  relation  of  oxygen  to  Bcid  and  basic  Iwdies?  What 
is  the  geneiie  designation  for  its  compounds?  What  are  the  three 
classes  of  compounds  it  yields?  What  is  the  respiratory  mechanism 
for?  Whnt  effect  does  oxygen  produce  in  the  body?  Whence  does 
the  desire  for  eating  arise  ? 
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the  necessity  of  securing  a  fresh  supply  of  force-produc- 
ing material. 

The  terms  supporter  of  corabustiou  and  combustible 
are  expressive  ot  an  erroneous  idea.  No  substance  ia 
iutriusically  either  one  or  the  othei\  Hydrogen  will 
support  the  combustion  of  a  jet  of  oxygen  just  as  well 
aa  oxygen  will  that  of  a  jet  of  hydrogen.  In  fact,  boti 
bodies  are  equally  engaged  io  producing  the  resnlt,  com- 
?oustion  only  taking  ;^ace  on  the  mutual  surface  of  con- 
tact. Oxygen  has  come  to  be  regarded  as  the  prlDcipal 
s;upporter  of  combustion,  because  most  combustions  take 
'place  in  the  air,  which  owes  its  active  qualities  to  this 
gas. 

An  ordinary  flame  is  not  incandes-  Fifi.  ins. 

cent  throughout,  but  is  a  mere  super- 
ficies or  luminous  shell,  as  may  be 
seen  on  lowering  a  wire  gauze  dowr 
upon  it,  as  in  i'iff.  1S5.  In  Buch  i 
flame  several  distinct  parts  may  be 
traced.  Around  the  wick,  a,  Fiff. 
196,  at  the  points  i  i,  the  light  is  of  a 
blue  color,  for  here,  the  air  being  in 
excess,  the  combustion  is  perfect.  From  this  toward  o 
the  combustible  matter  predominates,  and  the  ^,  19g. 
light  is  most  intense.  A  faint  exterior  cone, 
e  e,  suri'ounds  the  more  luminous  portion,  but 
the  interior  at  b  is  totally  dark.  It  is  proba-  ( 
tie  that  the  light  arises  chiefly  from  the  igni- 
tion of  solid  matter,  for  incandescent  gases  are  I 
■  only  f^ntly  luminous.  The  hydrogen  of  the 
flame  ia  first  burned,  and  for  a  moment  carbon 
ia  set  free  in  the  solid  form  at  a  very  t'g^  tem- 
perature, its  oxidation  instantly  ensuing.  The 
temperature  of  the  oxy-hydrogen  flame  ia  I 
8061°,  but  this  is  surpassed  in  heat  by  the 
Voltaic  arc.  The  colors  that  substances  communicate 
to  flames  furnish  the  means  of  aseeitaining  their  pres- 
ence by  spectrum  analysis  (Lecture  XVIIlT), 

A  given  weight  of  a  combustible  always  yields  a  con- 
stant amount  of  lieat.    It  does  not  matter  whether  the 

Why  are  the  terms  supporter  of  combustion  nnd  combnstiUe  erro- 
neous ?  What  is  the  Btmotnre  of  a  flame  ?  TjThy  do  the  different 
regions  of  a  lamp  flame  diSerin  luminous  pover? 
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combustion  be  accomplished  in  a  few  minutes  or  re- 
quires a  year ;  an  iron  wire  yields  as  much  heat  in  rust- 
ing slowly  as  in  being  burnt  in  oxygen.  A  fixed  quan- 
tity of  oxygen  can  only  produce  a  certain  amount  of 
heat,  but  different  combustibles  require  very  different 
propoi-tiona  of  it  to  effect  their  complete  burning.  One 
pound  of  hydrogen  requires  8  pounds  of  oxygen ;  one 
of  sulphur  only  I  of  oxygen. 

The  most  frequent  products  of  oxidation,  both  in  ani- 
mals and  flame,  are  carbonic  acid  and  water,  and  jIt 
might  be  supposed  that  these  would  eventually  accu- 
mulate in  the  air  to  such  an  excess  that  living  being's 
could  no  longer  exist.  Plants,  however,  continually  co^'- 
rect  this  tendency.  They  take  those  oxidized  products,, 
decompose  tbem  under  the  influence  of  the  yellow  ray 
of  light  {a  fact  shown  by  Professor  J,  W.  Draper),  ap- 
propriate their  carbon  and  hydrogen,  and  set  the  osy- 
gen  free  once  more  to  run  the  same  course.  This  de- 
oxidizing power  of  vegetable  matter  was  discovered  by 
Priestley,  who  found  that  green  leaves,  placed  in  a  flask , 
Pig.m.  Mi;.  197,  containing  water  saturated  with  cai''- 

bonic  acid,  if  put  in  the  sunshine,  liberated  bub  - 
I  bles  of  a  gas  rich  in  oxygeu.    In  the  dark  ncj 

such  effect  took  place. 

OzoHE. — Oxygen  gas  exists  in  two  different 
states,  a,  passive  and  an  active.     In  this  latter  it 

is  called  Ozone,  from  its  peculiar  phosphoric 

Ozone  is  produced  when  electric  sparks  are 
d  through  pare  dry  oxygen,  or  when  water  is  de- 
composed by  a  Voltaic  curi'ent,  or  when  phosphorus  is 
allowed  slowly  to  oxidize  in  damp  air.  It  will  also 
originate  from  the  slow  oxidation  ot  ether.  A  mixture: 
of  two  parts  of  permanganate  of  potassa  and  three  pai'tei 
of  sulphuric  acid  will  give  off  ozone  for  mouths. 

Ozone  is  insoluble  in  water,  alcohol,  and  ether.  It 
has  intense  bleaching  and  oxidizing  powers,  attacking: 
substances  that  ordinary  or  passive  oxygen  leaves  un- 
touched. It  decomposes  iodide  of  potassium,  the  proto- 
salts  of  m.inganese,  cj'anide  and  ferrocyauide  of  potas- 

Is  tiiero  niiy  ditFerence  in  tho  amount  of  lioat  evolved  in  rapid  nni! 
alow  comljustion  ?  Why  should  the  nir  become  unfit  lo  suppovt  life  ? 
How  is  this  tend^cy  compensated  ?  What  ia  Ozone  ?  How  is  it 
produced?    What  are  ita  properties f 
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',  w\ra,  and  03ddizes  silver,  metallic  areenic,  and  antimony. 
'.  [t,  is  reconverted  into  oxygen  by  a  heat  exceeding  450°, 
b^ut  loses  its  charactevistic  properties  on  being  subject- 
e.d  to  a  muoli  lower  temperatare  or  to  certain  hydro- 
carbons. 

The  presence  of  ozone  may  be  detected  by  slips  of 
paper  impregnated  with  iodide  of  potassium  and  starch, 
Wbich  become  brown,  and,  on  being  wetted,  assnme 
ahsvdes  of  color  varying  from  pink  to  blue, 

ychonbeio  states  that  ozone  itself  exists  in  two  difibr- 
ent,  states,  positive  and  negative,  and  calls  the  former 
A>,'TozoNE,  but  the  difference  is  not  well  niarlied. 


LECTURE  XLI. 

I'lTDKOGicN,  —  Preparati<yi\.  —  Properties.  —  Effect  on 
Sounds. — ComhusHbUity. — Lightness. — Balloons. — 
JUb^losive  Combustion. — Musical  Combtcstion. —  TPa- 
iter  always  produced. —  Oxyhydrogen  Blowpipe. — Hy- 
drogen a  Metal. 

Hydrogen.    II=l. 

The  name  of  this  gas  is  derived  from  udor,  water, 

and  gennao,  to  produce.    It  forms  one  ninth  by  weight 

of  ail  the  water  o    tl  e  globe  and  is  a  large  coastituent 

o  f  animal  and  vegetable  matte       It  was  at  first  called 


If  a  piece  of  potassiu  b  ripped  in  paper  and  rap- 
idly immersed  oeneatl  an  i  erted  jar  at  the  water- 
trough,  a  violent  leact  on  lets  a,  a  gas  collects  in  the 
upper  part  of  tbe  ja  and  tl  e  potassium,  oxidizing,  dis- 
sollvea  in  the  watei.  The  gas  produced  is  hydrogen, 
ancH  the  decomposition  is  shown  as  follows: 

ho-\-k=ko+b:; 

that  is,  water  acted  upon  by  metallic  potassium  yields 
oxide  of  potassium  and  hydrogen  gas. 

A  more  economical  process  is  usually  resorted  to,  de- 
tpending  on  the  fact  that  metallic  zinc  can  decompose 

How  way  ozone  be  detected?  What  \s  Antozone?  What  is  the 
■oriKinof  thenamahydroBen?  What  wasita  ancient  name?  What 
is  the  principle  of  the  decomposition  of  water  by  potassium  ?  How 
/s  hydrogen  genortilly  made  7 
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■water  at  ordinary  temperatures.  As  tlie  oxide  of  zin  o 
produced  is  insoluble  in  water  and  would  soon  cause  th  e 
action  to  cease,  it  is  necessary  to  add  an  acid,  as,  for  e's- 
ample,  sulphuric  acid,  to  unite  ^¥ith  tlie  oxide  and  for  m 
■  a  soluble  salt.  The  surface  of  the  zinc  is  then  kept  clear,. 
and  the  gas  is  continuously  liberated. 

To  make  hydrogen,  a  bottle,  a,  Mg.  198-, 
8  tiken  partly  filled  with  water  and  stTipa 
of  zinc  The  mouth  of  the  bottle  is  closed 
with  a  cork  perforated  by  two  tubes,  the 
one,  b,  for  a  funnel,  the  otber,  c,  for  the  exit 
of  the  hydrogen.  Through  the  tube  h  sul- 
phuiio  acid  is  gradually  poured  until  a  b  risk 
effeivescenee  seta  in.  The  first  portions  of 
the  gT  'hould  not  be  collected,  as  they  are  contanii- 
nated  with  an  and  are  esplosive.  When  tlie  action 
slackens  moie  acid  must  be  added.  Half  an  ounce  of 
watei  will  pioduce  five  gallons  of  the  gas.  The  chetii- 
jcal  change  is  thus  lepresented; 

.SO3,  IIO+Zn=ZnO,  SOg+If. 
Hydrogen  may  be  prepared  by  substituting  iron  for 
zinc  in  the  apparatus  I^ig.  198,  or  by  passing  the  va^por 
of  water  over  iron  turnings  heated  to  redness  in  a  por- 
celain tube. 

As  usually  prepared  it  is  quite  impure,  being  contam- 
inated with  arsenic,  sulphur,  or  phosphorus ;  or,  if  made 
from  iron,  with  an  oifensive  volatile  hydrocarbon.  Wh  en 
obtained  froia  the  Voltaic  decomposition  of  water  it  is 
perfectly  pure. 

Hydrogen  is  a  transparent  colorless  body,  having  the 
highest  refracting  power  of  all  the  gases.  Compsi'.red 
with  air  it  is  as  6614  to  1000.  When  pure  it  has  neitiher 
taste  nor  smell.  It  is  the  lightest  known  body,  one 
hundred  cubic  inches  weighing  2.14  grains  — 11,000 
times  less  than  an  equal  bulk  of  water.  The  weight 
of  its  atom  is  taken  as  the  standard  of  other  atcmic 
weights;  it  is  therefore  I.  It  exerts  no  action  on  veg- 
etable colors,  is  only  soluble  to  the  extent  of  1.5  per  cet.^t. 
in  water,  and  has  never  been  liquefied.  Dui'ing  expei  i- 
ments  for  that  purpose,  it  appeared  that  there  is  reason 
to  believe  that  its  molecules  are  smaller  than  those  O^f 

for  it 
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'luy  other  botiy,  as  it  could  leak  tlirotigh  stopcocks  im- 
"pei-vioas  to  other  gases. 

In  the  animal  economy  hydrogen  does  not  exercise 
s'.ny  deleterious  effect.    When  respired,  it  causes  the 
voice  to  assume  a  feeble,  shrill  tone        '     pis-iss. 
i'ike  that  of  a  child,  and  a  tendency  to  a 

sleep.    A  bell  rung  in  this  gas  emits  V 

a  laiore  feeble  sound  than  when  lin^  L 

ing;  in  an  air-pump  vacuum.     Ifajai  A 

M^c/.  199,  witli  a  stopcock  at  its  nppt  i 
end,  be  filled  with  hydrogen,  and  1  r 
ing;  depressed  in  the  water  of  tli 
trough,  the  cock  opened  and  a  li_!  i 
h^'ought  near  the  hydrogen,  as  it  t 
eiapes  it  takes  fire  at  once, 
'burning  with  a  pile  yel 
low  flame.     Or  if  to  the 
Miouth  of  a  bottle  contain 
in.g  the  materials  for  gene 
rating  hydrogen,  ii'i^  200, 
a   cork,  through  iilnch  i 
gliass  tube  is  passed,  be 
adjusted,  and,  aftei  illow 
i0,g  the  air  in  the  bottle 
to  be  displaced  to  iioid 
a.n  exp)osion,  a  light  be  ip 
plied  to  the  issuing  gis,  it 
takes  fire  and  hums  in  the 
tiame  manner.   This  is  call 
«d  the  philosopher's  limp 
AJ".though  the  light  is  faint 
th  e  heat  is  very  great — snf 
fic.ient,  indeed,  to  melt  fine 
plpitinam  wire, 

'The  following  esperi- 
m^-int  provt^  three  facts  at 
the  same  time  —  1.  The 
lightness  of  hydrogen ;  2. 
Its  inflammability ;  3.  That  it 
bustion.     A  jar,  a,  Mg.  201,  i 


.  to  be  tillil  with  hjdro- 


Whot  are  its  relations  to  respirHtioti  ?  How  may  its  combustibili- 
ty ba  shown  ?  Describe  the  philosopher's  lamp.  How  mny  its  in- 
flammability, its  non-supporting  powei',  anil  its  lightness  be  shown? 
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Pi;  201     S"-^  ^t  tl's  water  trough,  and  then,  being  lifte(i 
E,  in  the  air  with  its  mouth  downward,  a  tapeir 

!j  pliced  on  a  wire  is  carried  into  its  interior . 
'  jj  As  the  taper  passes  the  mouth  of  the  jar  ther  e 
m  ^  IS  a  feeble  explosion,  and  the  hydrogen,  taking' 
■ii  z'  file,  barns  with  a  pale  flame,  but  as  soon  as  it 
^/  18  imraersed  in  the  gas  it  is  extinguished.  Itj 
^v^  may,  however,  be  relighted,  as  it  is  brough*u 
out  of  the  jar,  at  the  burning  hydrogen,  and  this  may 
be  repeated  several  times.  The  combastibility  of  the 
gas,  and  that  it  is  a  non-supporter  of  combtiBtion,  are 
obvious  enough.  Its  lightness  is  proved  by  its  not 
flowing  out  of  the  mouth  of  the  jar,  whioh  it  would  do 
at  once  if  it  were  heavier  than  atmospheric  air. 

r;,,.^'^,  Tlie  use  of  hydrogen  for  filling  ba-1- 

Oj^ — \  loons  depends  on  its  small  specific  grav- 
j^^  ii^y-    This  property  is  very  distinctly  :'ii- 
Oc^^i^^    liistrated  by  filling  an  India-rubber  gais 
rf^^  b.ag  with  hydrogen,  and  having  attafih- 

to  the  stopcock  «,  Mg.  202,  a  tob  ao- 
pipe,  h,  by  dipping  the  pipe  in  a  ,so- 
hitioii  of  soap,  bubbles  may  be  blown.  These  r.iso 
through  the  ^r  with  rapidity,  and  if  a  light  be  brouj|ht 
near  tliem  ibey  bum  with  a  yellow  flame.  If  the  fciag 
be  filled  with  a  mixture  of  hydrogen  and  £ur,  the  bu'b- 
bles  will  explode  violently. 

j,.j,^  2(13^  If  in   a   strong  bra'ss 

gun,  Fiy.  203,  we  place  a 
,  mixture  of  hydrogen,  .1, 
S  and  air,  S,  and,  hav-  p,y 
ing  inserted  the  cork 
tightly,  pass  a  light 
into  tiie  touch-hoie, 
a  violent  explosion 
takes  place,  the  hydrogen  combining  with  the  oxy-  |l' 
gen  of  the  air  to  produce  water,  HO. 

Musical  sounds  originate  in  vibratory  movements 
communicated  to  the  dr.  If  the  flame  of  the  philos-  [If 
opher's  lamp  be  covered  by  the  neck  of  a  broken  re-  ''' 
tort,  Fif/.  204,  a  loud  sound  is  emitted.  This  arise'J 
To  what  use  is  fiydfogen  applied  on  account  of  its  lightness  ? 
How  may  this  be  iUnstrated  on  a,  small  scale?  Describe  the  hydro- - 
gen  moi'tar.    How  may  musical  sounds  be  produced  by  h jdcogen  ? 
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+.>om  the  circnmstaiice  that  the  hydrogen  burns  9  the 
■tube,  giving  rise  to  a  series  of  small  explosions  which 
:follow  each  other  with  rapidity,  and  these  explosions 
fthrow  tbe  air  in  the  tube  into  vibration.  As  tbe  tube 
is  raised  or  lowered,  the  explosions  occur  with  different 
degrees  of  rapidity,  producing  sometimes  o  clattering 
sound  and  sometimes  a  pure  musical  note. 

Whatever  may  be  tbe  circumstances  under  which 
hyiivogen  burns — whether  quietly  in  the  philosopher's 
]aDap,  or  with  trivial  explosions  as  in  tbe  tube,  or  with 
viciient  detonations,  water  alone  is  produced.  It  may 
be  condensed  from  burning  hydrogen  by  lowering  a 
eo'id  porcelain  plate  upon  the  flame.  During  the  com- 
bi'.iatiou  of  hydrogen  and  oxygen  a  very  great  amount 
of  heat  is  given  out,  for  the  former  combines  with  eight 
Aimes  its  weight  of  the  latter,  a  greater  proportion  than 
i;s  met  with  in  the  case  of  any  other  substance.  Advan- 
tage is  taken  of  this  in  tbe  construction  of  the  oxyhy- 
dnogen  blowpipe,  an  instrument  invented  by  Dr.  Hare, 
wihioh  famishes  us  with  an  efficient  means  of  attaining 
a  'high  temperature.  There  are  several  different  forms ; 
in^  some  tbe  gases  are  mixed  in  proper  proportions  in  a 
stirong  receiver,  and  set  on  fire  after  passing  through  a 
H.emming'a  safety-tube.  But  it  is  better  io  keep  them 
in  separate  reservoirs,  on  account  of  the  danger  of  ex- 
I'jlosion,  and  conduct  them  to  i  common  iet  where  they 
i/iay  mix  and  be  burned,  as  s  s!  o  vn  ^j  205  wbe  e 
the  gasometer  O  continng  oxyge     i   1  r      a 

ij  hydrogen ;  a  b  are  the  t  bei  '  '' 
in/' to  thejetc,  where  thegase 
on  fire.  By  this  instrument  plat  nun 
ca.n  not  only  be  melted,  but  e  en  aj  o 
izud.  The  intensity  of  tie  bent  1 
pejads,  to  a  great  extent,  on  tl  e  f  t 
th  at,  unlike  ordinary  flame'  tb  s  s  o 
id- — that  is,  incandescent  thro  £,bo  t 

The  flame  of  hydrogen  is  very  advantageously  used 
i.n  detecting  the  presence  of  arsenic  and  antimony,  which 
'jommunicate  to  it  characteristic  peculiarities  (see  Ar- 
senic and  Antimony). 

What  arises  from  the  combastion  of  hydrogen  ?  What  is  the  csuse 
of  the  greatheat  of  baming  hydrogen?  Desci'iba  Hare's  oxjhjdro- 
gen  blowpipe.     What  is  the  peculiarity  of  the  flame  ? 
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In  its  general  relations  hydrogen  possesses  many  o! 
the  properties  of  a  metal,  and  has  hence  been  regardeti' 
as  one  of  that  class  in  the  vaporous  condition.  Its  trans- 
parency and  gaseous  form  do  not  militate  against  this; 
conclusion,  for  the  vapor  of  mercniy  possesses  a  similar 
aspect;  but  it  is  to  be  remarked  that  it  is  often  replaced 
ill  combinations  by  the  strongest  tmti-metal— chlorine. 


LECTURE  XUI. 

Wathk. — Hydrogen,  Acids. — WtOer. — Its  Composition 
and  Froperties. — Grystallmd  Forms. — Connyrefisir 
biUty. — Synthesis  of  Watea: — Analysis  of  Water.. — 
Its  C/temical  MelaMons. —  Water  of  CrystaUieatio'.n 
and  Saline  Water'. — Acts  as  a  basic,  itidifferent,  anoZ 
octt?  body.-^Its  Impurities. — Sardiiess. — Mineral 
— Peeoxlde  of  Hvdeogem. — Pi'eparation.—  - 


Watek.    110=9. 

Htdeogen  unites  with  all  the  electro-negative  su  b- 
stances,  and  with  many  of  them  forms  strong  acids,  as 
hydrochloric,  hydrobromie,  hydriodie,  hydrofluon  c ; 
but  with  oxygen  instead  of  an  acid,  a  neutral  body, 
■water,  results.  Water  contains  one  atom  of  each  of  ii's 
elements,  combining  to  form  one  atom  of  water.  It  iis 
therefore  a  binary  compound,  and  its  symbol  is  JIO. 

By  vohime  it  consists  of  two  of  hydrogen  with  or-e 
of  oxygen ;  by  weight,  one  of  hydrogen  with  eight  01' 
oxygen.  These  statements  correspond  with  the  first, 
because  the  hydrogen  atom  ia  twice  the  volume  of  ti'iat 
of  oxygen,  and  the  weight  of  an  atom  of  oxygen  is  eiji'^ht 
times  that  of  hydrogen. 

Water  is  a  most  important  and  universally  diffutied 
substance,  covering  three  fourths  of  the  earth's  surfa.ce, 
and  entering  as  a  constituent  into  all  animal  and  ve^ie- 
table  substances  and  most  minerals.  An  oyster  con- 
tains 81  per  cent.,  and  some  of  the  aealephie  (jelly-fish'.) 
99  per  cent,  of  this  ingredient.    By  its  aid  the  processet.' 

To  ivliat  class  of  bodies  docs  liydi-ogcii  probably  beloiiK  ?  When  ' 
hydrogen  unites  with  electro -negalives,  what  class  of  bodies  may 
ai'iset    What  is  the  conatitution  of  water  ?    What  ara  the  proper- 
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■  of  decay  or  oxidation  necessary  to  life  arc  caused  to  go 
on  with  rapidity ;  while,  on  the  contrary,  by  desiccation 

■  organic  substances  may  be  indefinitely  preserved. 

Water  is  an  Inodorona,  tasteless  fluid,  of  a  slightly 
, bluish-green  color,  which  conducts  heat  and  electricity 
imperfectly,  and  refracts  light  strongly.  It  freezes  at 
32°  F.,  and  boila  at  212°  F.  if  certain  precautions  be 
ad  opted  (Lecture  XI.).  In  a  capillary  tube  3^  of  an 
inch  in  diameter  it  must  be  cooled  to  1°.4  before  freee- 
injf,  while  if  a  piece  of  puvo  ice  be  heated  in  a  vessel  of 
oil.,  the  heat  may  be  continued  till  the  resulting  water 
has;  reached  240°,  when  the  whole  is  converted  into  va- 
pcT  with  explosion.  The  specific  gravity  of  water  is 
7..000,  being  the  standard  of  compai'ison  of  all  other 
'liquid  and  solid  bodies.  The  specific  gravity  of  its  va- 
;.por,  steanj,  compared  with  atmospheric  dr,  is  1.6219, 
■and  its  color  is  red.  Water  is  a  compressible  and  elas- 
tia  substance.  One  cubic  inch  of  it  at  60°  weighs  252.5 
g:vains,  and  the  cubic  foot  is  so  nearly  1000  ounces,  that 
tb.e  speoiSc  gravity  of  any  substance  is  very  nearly  the 
a'ibsolute  weight  of  a  cubic  foot  of  it  in  ounces. 

If  water  be  slowly  frozen  it  crystallizes  in  needles, 
cr'ossing  one  another  at  angles  of  60°  and  l'20°,  and  pre- 
pjenting  forms  of  beautiful  symmetry,  as  seen  in  Mg.  206 
(  page  236),  Similar  flower-like  shapes  may  be  seen  on 
-jnelting  the  interior  of  a  block  of  ice  by  the  aid  of  a 
Vieam  of  sunlight  or  the  electric  lamp. 

The  compressibility  of  water  is  demonstrated  and 
measured  by  an  instrument  invented  by  Oersted,  in 
■w  hich  pressure  can  be  exerted  upon  water  in  a  tube  by 
ro^eans  of  a  screw.  It  shows  that  water  is  com-  j^.sor. 
pvessed  a^.^m)  part  of  its  volume  for  each  atm  ~ 

plliere  of  pressure. 

The  constitution  of  water  was  first  proved  by 
Gavendish  and  Watt  in  1781.  It  can  be  illustrated 
inj  a  variety  of  ways.  Thus,  if  over  a  jet  of  bui 
■'mg  hydrogen  a  cold  glass  be!l  be  suspended,  F\_ 
207,  it  becomes  soon  covered  with  a  misty  dew, 
and  if  the  experiment  be  prolonged,  drops  of 
liquid  finally  trickle  down  the  sides,  and  may  be 

Whal  is  the  specific  gravity  of  water  and  ateam  ?  What  docs  Fig. 
206  represent?  What  is  the  amount  of  compvessibility  of  water? 
How  may  ths  conipositioii  of  water  be  sfnthetically  shown  ? 
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caught  in  a  vessel  placed  to  reeene  them  Tins  hinid 
is  water,  which  has  arisen  from  the  union  of  h>  clroe;en 
■with  the  oxygen  of  the  air.    It  miy  be  slightly  icid, 
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from  the  preseace  of  nitric  acid  produced  by  oxidation 
of.' the  nitrogen  of  the  air. 

If  in  a  vessel  over  the  mercurial  trough  twenty  meas- 
ni-eS  of  hydrogen  are  added  to  ten  measures  of  oxygen, 
aiad  a,  small  pdlet  of  spongy  platinum  passed  up  through 
thfi  quicksilver,  union  between  the  two  gases  rapiifly 
takes  place,  so  that  it  is  usual,  in  order  to  moderate  its 
a-ctioD,  to  mix  the  spongy  platinum  previously  with  a 
little'  pipe-clay.  As  the  gases  unite  the  mercniy  rises, 
until,  at  last  they  totally  disappear.  This  experiment 
show  s  that  the  constitution  of  water  by  volume  is  2  of 
hydr'Ogento  1  of  oxygen. 

Th  e  composition  of  water  by  weight  was  determined 
by  Berzclius  as  follows:  Let  a  flask,  a.  Fig.  208,  con- 


tai'ning  ^tuc  and  dilute  sulphuric  acid,  be  connected  by 
a  lient  tube,  h,  mth  another  tube,  cl,  containing  chloride 
of 'caleium.  The  hydrogen  which  is  evolved  from  the 
flat-.k  consequently  deposits  any  small  quantity  of  water 
it  m  ay  be  contaminated  with  in  the  bulbs  c  e,  and  then, 
passi'.Dg  through  the  chloride  of  calcium  tube,  J,  is  per- 
feetl  y  dried.  The  tube  d  is  connected  with  a  tube  of 
hart'i  glass  on  which  a  bulb,  e,  is  blown.  The  bulb  is 
fiUeol  with  a  known  weight  of  oxide  of  copper,  which 
can  be  raised  to  a  red  heat  by  the  spirit-lamp,  h.  As 
the  dry  hydrogen  passes-  over  the  ignited  oxide  it  re- 
du'^Liea  it,  fonning  with  its  oxygen  water,  and  leaving 
pu  n-e  metaJiic  copper.  The  water  is  partly  collected  in 
th  e  bulby,  and  the  rest  of  it  is  detained  by  a  second 
cl  iloride  of  calcium  tube,  gr. 
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If  we  weigh  the  tubes  e,  and/",  and  g,  before  aud  aft.er 
the  experiment,  it  will  be  found  that  for  every  8  grains 
the  oxide  of  copper,  e,  h^  lost,  9  gi-aina  of  water  ha.ve 
been  produced,  showing  that  the  constitution  of  wat'sr 
by  weight  is  8  of  oxygen  to  1  of  hydrogen. 

The  composition  of  water  may  also  be  proved  a'.na^ 
lytlcally  by  the  aid  of  the  Voltaic  battery  (Lect'ure 
XXX.). 

Lavoisier  determined  the  composition  of  water  by 
passing  its  vapor  over  fragments  of  iron  made  red-hot 
in  a  tube.    Thus,  if  from  the  retort  «,  Mg.  20&,  contain- 


ing water  boiling,  steam  be  passed  through  a  rcil-hot 
iron  tube,  c  c,  filled  with  turnings  of  iron  or  iron  wire, 
decomposition  takes  place,  blacfe  oxide  of  iron  forming, 
and  hydrogen  gas  escaping  by  the  tubey  into  the  gas- 
holder m,  n. 

The  chemical  relations  of  water  are  of  the  utmos  t  im- 
portance. It  exerts  a  more  general  solvent  action  than 
any  other  liquid  known,  holding  in  solutioU  gaseous'  and 
solid  substances,  acids,  alkalies,  and  salts.  As  reape  cts 
gaseous  bodies,  the  quantity  which  water  will  take  'Ut* 
depends  on  pressure  and  temperature.    In  the  case  '>^* 

How  may  the  analysis  of  water  be  effected  ?  Desoijbe  Lavoisii  'I's 
method  of  nnnlysis.  What  are  the  chemical  relations  of  waler,  its 
solvent  powers,  etc. 


Hc^i^db,  Google 


CHEMICAL   UELATIOSS   OP   WATEE.  239 

[lalts,  an  increase  of  temperature  generally  increases  its 
Bolvent  power.  Salt  crystals  sometimes  contain  a  very 
lOonsiderable  qaantity  of  it,  aa  in  the  case  of  alum,  of 
which,  if  a  mass  be  heated,  it  melts  in  its  own  water  of 
'orystaliization,  and  after  a  great  quantity  of  steam  is 
.thrown  off  a  dry  residue  remans.  Crystals  may  con- 
i;ain  water  in  two  different  states — water  of  crystalliza- 
tion, which  is  easily  expelled,  and  saline  water,  which  is 
wiiSh  difficalty  driven  off.  In  woi'ka  of  chemistry,  Ag 
(aq^ua)  signifies  the  former,  and  JIO  the  latter;  thus 

M0+S0.,4-II0+&Ag 
is  t.he  symbol  for  green  vitriol,  which  is  a  sulphate  of 
the  protoxide  of  iron,  with  one  atom  of  saline  water  and 
six-  of  water  of  orystaliization.  The  saline  water  is  only 
re,moved  by  a  high  temperature,  or  by  being  replaced  by 
some  other  body. 

Water  unites  with  many  acids  with  great  energy.  If 
mixed  with  sulphuric  acid,  the. temperature  will  run  up 
;*bove  300°.  With  basic  bodies  the  same  results  may  be 
obtained ;  as  when  quicklime  is  slaked  with  water,  the 
teraperature  rises  above  510° — more  than  sufficient  to 
inflame  gunpowder.  Potassa  and  soda  exhibit  similar 
ph'.enomena.  Toward  acids  water  acts  as  a  base;  to- 
wfcird  bases,  as  au  acid ;  and  toward  salts,  as  au  indiffer- 
erjt  body. 

As  found  in  nature,  water  is  always  impure.  Tbe 
water  of  Loch  Katrine,  in  Scotland,  has  only  2  grains 
of  solid  matter  to  the  gallon,  and  that  of  the  EiverLoka, 
ii>;  Sweden,  -i^  of  a  grain ;  hut  that  from  the  Great  Salt 
I^akehas  20,000  grains.  Rain-water  and  melted  snow 
eoLitain  the  varioua  soluble  gases  that  are  in  the  air; 
spr'ing,  river,  well,  and  mineral  waters,  the  soluble  bod- 
ies ofthe  strata  through  which  they  have  flowed.  From 
thtise  they  can  be  purified  by  distillation.  The  solid 
cor  itents  in  the  imperial  gallon  of  some  of  the  principal 
river  waters  of  Europe  is  as  follows :  tho  Thames,  at 
Gr  eenwich,  28 ;  the  Sdne,  20 ;  the  Rhone,  at  Lyons,  13 ; 
tJje  Danube,  at  Vienna,  10.  Croton  water  contains  4, 
Mohuylkill  i.3,  and  Boston  (Long  Fond)  1.2. 

What  is  meont  by  water  of  crj'atallizatioii  and  aiiline  water  ?  Hon 
'  .3  the  difference  indicatad  in  formula!  ?  What  is  the  relation  of  wa- 
1  er  to  acids,  Tjikses,  and  salts?  Is  water  found  pure  in  nature  ?  Gi\'G 
L  ixamples  of  its  constitution.    What  are  the  solid  contfinta  of  Thames 
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The  quality  termed  hardness  of  water  results  nsuallv' 
from  the  presence  of  a  salt  of  lime  or  magnesia.  Sucii. 
samples  are  tested  by  the  aid  of  a  solution  of  soap  in 
alcohol,  the  quantity  required  to  produce  a  permanent 
fi:oth  being  ascertained. 

Mineral  ivaters  are  usually  divided  into  four  groups., 
carbonated,  saline,  sulphurous,  and  chalybeate,  contain- 
ing respectively  in  excess  carbonic  acid,  common  salt, 
Bulphureted  hydrogen,  and  iron.  Many  also  contwn  ar- 
senic, as  the  Vichy  and  Plombiferes,  waters  of  France. 
The  water  of  the  Congress  Spring,  at  Saratoga,  is  com- 
posed as  follows : 

Chloride  of  Sodimn 300  grnina  per  gallon. 

Iodide  of  Sodinm  and  Bromide  of 

Potassiam 6  "  " 

Carljonate  of  Soda 0  "  " 

Cai'bonato  of  MagnEEiB 101  "  " 

Carbonalo  of  Lime. 104  "  " 

Carbonate  of  Iron 1  "  " 

Silica  and  Alumina. 1  "  " 

Peeoxidb  of  Hydeogen.     110^=11. 

This  compound,  the  deutoxide  of  hydrogen,  is  a  drifi- 
nite  compound  of  oxygen  and  hydrogen,  and  not  mere- 
ly oxygenated  water.  It  ia  prepared  by  adding  a  pas  te 
of  peroxide  of  bariunt  and  waterto  hydrofluosihcio  acid. 
The  liquid  is  separated  by  filtration  and  concentrated  :in 
vacuo.    It  should  be  kept  at  a  temperature  less  than  60"'. 

It  is  a  colorless,  sirupy  liquid  of  a  disagreeable  tasf:;. 
It  bleaches,  and  is  readily  decomposed  not  only  by  hea*, 
but  also  by  several  metaJs  and  their  oxides,  and  sorae- 
times  with  explosion.  Peroxide  of  manganese  or  It'ad, 
for  example,  entirely  resolve  it  into  oxygen  and  wate>r. 

What  is  meant  by  liardnesa  of  water  ?  How  are  mineral  ivaNsra 
divided?  "What  is  the  composition  of  Congress  water?  HoiT  is 
peroxide  of  lijdrogen  prepared  ?    Wbitt  are  its  properties  ? 


Hc^i^db,  Google 


PKEFAKATION   OF   KITHOGEN. 


LECTtJEE  XLni. 

NiTKO  GEN. — Freparation. — Properties. — Its  Indifferent 
Nature. — Its  Combustion  and  Coriipov/nds, — Ms  Oxy- 


A.TMOSPHBEic  AiE. —  Constitution. — Methods  ofAiicdy- 
'  sis. — Audiometry. — MOent  of  the  Atmosphere. — Me- 
Nations  to  Organization. — Fresswe  of  the  Air  eap&ri- 
fmentoMy  shown, 

KiTROGBN.       Nz^li. 

NiTKOGEN  gas  is  readily  procured  ffom  the  atmos- 
phere by  buniiiig  phosphorus  in  a  bell  jar  on  the  pneu- 
■matio  trough.  If  a  piece  of  phosphorus  oe  laid  in  a  cup, 
Fiy,  210,  and  set  on  flre,  all  the  oxygen  in  the  air  of  the 

jav,  a,  will  be  consumed,  white 
fflakes  of  phosphoric  acid  {I'O^) 
forming,  and  these  being  final- 
Ij'-  dissolved  in  the  water  of  the 
f  rough,  d,  there  is  left  behind 
u'ltrogen  contaminated  with  a 
t'iace  of  the  vapor  of  phosphor- 
us. It  may  be  also  prepared 
by  allowing  the  phosphorus  to 
oxidize  slowly  at  the  expense  * 

of  the  air.    If  the  interior  of  a 

.iar  be  wetted  and  iron  filings  sj  inkled  oiei  it  thej 

will  slowly  remove  the  oxygen  from  the  contained  air, 
Jeiaving  the  nitrogen,  if  it  is  subsequently  agitated  with 
water,  quite  pure.  Copper  filings  with  hydrochloric 
a<)id  may  be  used  in  a  similar  manner. 

To  obtain  nitrogen  perfectly  puro)  use,  instead  of  the 
pi  losphoros,  ^j7.  210,  a  porcelain  vessel  containing  py- 
i'o<  TalUo  acid  and  a  strong  solution  of  caustic  potassa. 
I'.Q  this  method  the  carbonic  acid  of  the  air  is  also  te- 
'.noved,  and  no  impurity  but  vapor  of  water  remains. 
Nitrogen  gas  {nitron,  nitre,  and  geamao,  to  produce) 

is  a  colorless,  tasteless,  and  inodorous  body,  dissolving 

in  water  only  to  the  extent  of  1|  per  cent,  by  volume. 

How  is  nitrogen  prepared  by  phosphorns?  By  what  other  melh- 
oils  may  it  be  prepaJed?    TVhat  nre  the  properties  of  this  gas? 


Hc^i^db,  Google 


242  COMPOUNDS   OF   NITEOGEN. 

It  is  lighter  than  atmospheric  air,  its  specific  gravity  be- 
ing .967  ;  100  cubic  inches  weigh  29.96  grains.  It  does 
not  support  combustion  nor  respiration,  and  from  the 
latter  circumstance  toot  the  name  Azote.  It  does  not 
esert  aoy  poisonous  agency  on  animals,  as  is  shown  by 
the  large  proportion  in  ■which  it  exists  in  the  atmos- 
phere. 

Under  certain  circumstances  nitrogen  nndergoes  com- 
bustion, as  wheu  electric  sjiarks  aro  passed  through  air, 
and  nitric  acid  (iVOj)  formed.  Also,  when  nitrogen  is 
mixed  with  the  detonating  compound  of  oxgyen  1  at.id 
hydrogen  2,  it  may  easily  be  oxidized. 

Nitrogen  is  little  disposed  to  unite  with  other  bodv^s 
except  when  either  it  or  they  are  in  the  nascent  state. 
Its  compounds  are  prone  to  decompose  easily,  and  henct? 
among  them  we  find  some  of  the  most  remarkable  ful- 
minating bodies.  The  animal  and  vegetable  substances 
into  which  it  enters  as  a  constituent  aro  characterized 
by  the  facility  with  which  they  putrefy  or  oxidize,  and, 
as  we  shall  hereafter  find,  ferments  owe  their  powers  ti> 
this  element. 

Nitrogen  unites  with  oxygen  to  form  fivo  differen  t 
compounds : 

NO,  Protoxide  of  Nitrogen. 
NOi,  Deutoxide  of  Kilrogen. 
iVOj,  Hyponitrous  Acid. 
JVO„Nitrous  Acid. 
iVO„  Nitric  Acid. 

"With  oxygen  it  also  forms  atmospheric  air ;  but  thif > 
is  a  mixture,  and  not  a  compound. 

Atmospheric  Am. 

The  mechanical  properties  and  constitution  of  the 
atmosphere  are,  on  account  of  their  great  importance, 
first  to  be  described. 

The  atmosphere  consists  chiefly  of  oxygen  and  nltii-o- 
gen,  in  the  proportion  of  20.8  volumes  of  the  former  t.o 
79.2  of  the  latter.  It  contains,  as  an  essential  ingredi  - 
ent,  also  a  small  proportion  of  carbonic  acid,  10,000 
parts  of  air  containing  from  3.7  to  6.2  parts,  or,  on  an 

When  does  it  undergo  oombastion  ?  Why  does  it  give  rise  !o  ex- 
plosive bodies?  Give  the  compoiindB  of  oxygen  and  nitrogen.  Of 
what  is  atmospherii"    "    '" 
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average,  5  parts  of  this  gas.  Besides  these,  tbere  are 
variable  quantities  of  the  vapor  of  water,  and  traces  of 
ammonia,  snlphureted  hydrogen,  and  carbureted  hydro- 
gen. Certain  organic  constituents,  some  of  which  may 
be  detected  by  their  odor,  give  it  miasmatic  properties, 
causing  a  variety  of  diseases.  Air  is  an  invisible,  elastic 
substance,  only  seen  to  be  of  a  blue  color  in  thick  mass- 
es, 815  times  lighter  than  water,  and  is  taken  as  the 
Rtiandard  of  comparison  for  the  specific  gravity  of  gases. 
Its  specific  gravity  is  therefore  =1.  One  hundred  cu- 
bic inches  of  it  weigh  at  the  mean  temperature  (60°), 
and  pressure  (30  inches)  about  31  grains 

-There  are  many  methods  by  which  the  inaljsis  of 
f-he  air  can  be  effected.  The  eudiometer,  _K/  211,  twn 
■.sists  of  a  thick  glass  tube,  closed  at  the  iippei  ^ 

end  and  open  below,  where  it  dips  into  a  mp 
or  basin  of  mercury.     It  is  graduated  alon^ 
the  side,  and  has  two  wires  through  the  up 
;per  part,  which  approach  each  other,  but  do 
mot  touch.    The  tube  Is  filled  with  mercuij 
iis  then  reversed,  and  a  mixture  of  equal  vol 
■umes  of  air  and  hydrogen  put  into  it.     An 
«;lectric  spark  being  passed  between  the  wiiei 
tobe  mixture  is  exploded.    The  amount  of  gi-.  giS 
'left  is  ascertained  by  the  divisions,  and  om  ^-^^ 
third  of  the  deficit  represents  the  quantity  ot  o'^ygen 
originally  present. 

The  analysis  of  air  may  be  accomplished  by  the  aid 
of  pyrogallate  of  potassa,  and  subsequently  dry  potassa. 
'The  oxygen,  carhonic  acid,  and  aqueous  vapor  are  by 
fhese  means  entirely  removed.  In  such  volumetric 
!i',nalyeea  errors  may  arise  by  variations  of  pressure, 
'i',emperature,  etc.,  and  hence  the  following  method  by 
iiveight  is  worthy  of  attention :  Air  is  deprived  of  its 
carbonic  acid  and  water  by  being  made  to  traverse 
tlarough  tubes  containing  strong  sulphuric  acid  and 
'caustic  potassa.  It  is  then  passed  through  a  weighed 
tube  containing  metallic  copper  heated  to  redness,  which 
deprives  it  of  its  oxygen.  By  connecting  the  apparatus 
with  a  glass  vessel  in  a  vacuous  state,  the  nitrogen  may 

What  vnriable  constituents  does  it  contain?  Whnt  is  its  specific 
gravity?  How  much  do  100  cubic  inches  -weigh?  Desevibe  the 
oudioraete:'.    By  what  other  methods  may  air  lie  analyzed? 
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be  collected  The  lueiease  of  neis^ht  in  the  copper 
tube  gives  the  weight  of  oxygen,  ■«  hile  the  increase  of 
weight  in  the  glass  \esscl,  that  ivis  ouginally  vacuous, 
gives  the  nitrogen  An  is  thus  show  n  to  be  composed 
by  weight  of 

Oxvgen  23  10 

Nitiogen  Tb  JO. 

Its  composition  bj  volume  has  alioady  been  statecl. 
These  pioportions  lemain  unchingLLl  no  matter  froim 
what  pirt  ot  the  globe  the  an  miy  be  taken,  nor  what 
the  elevition  may  be 

The  eiith's  atmospheie  does  not  extend  indefinitely 
into  space,  but  teimmate'*  at  an  altitude  of  about  iif  oy 
miles;  i  fact  liist  discoveied  by  Alhazen,  a Mobammed.' 
an  philosopher  It  is  theieloie  i  meie  film  on  the  face 
of  the  earth,  lite  the  down  on  a  pe^cb,  for  the  globe  is 
nearly  8000  miles  in  diameter.  If  a  representation  of 
it  were  placed  on  a  common  twelve-inch  globe,  it  would 
not  exceed  one  sixteenth  of  an  inch  in  thickness. 

Its  relations  to  the  world  of  oi-ganization  are  full  of 
interest.  All  plants  come  from  it,  and  all  animals  re- 
tarn  to  it,  so  that  it  stands  as  the  bond  of  connection', 
between  the  two.  It  is  the  grave  of  animal,  the  cradhj 
of  vegetable  life. 

As  we  ascend  to  the  more  elevated  regions  the  air 
becomes  less  dense,  for  the  obvious  reason  that,  as  it 
is  a  very  compressible  body,  those  portions  of  it  near 
the  earth  have  to  sustain  the  weight  of  the  mass  above, 
and  are  therefore  more  dense;  but  in  the  higher  re- 
gions, where  the  superincumbent  pressure  is  less,  thft, 
air  is  move  rave,  as  is  shown  iu  the  following  table : 


0 

2.70S 

3 

5.410 

i 

8.115 

3.75 

10.820 

IG 

1.875 

13.525 

33 

.9375 

]fi.230 

64 

.46875 

18.035 

128 

.234376 

Whnt  is  its  composition  liy  weight?  To  ivliat  distance  does  tlio 
atmosphere  extend?  What  Bre  its  relations  to  animals  and  plants? 
Why  does  its  density  clecroase  witli  the  allitndc  ? 
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This  also  eliows  that  the  great  mass  of  the  atmos- 
phere is  within  a  very  short  distance  of  the  earth's  sur- 
face— one  half  within  three  miles,  and  four  fifths  within 
eight  miles.  At  different  altitudes  the  temperature  va- 
ries, being  1°  colder  for  every  350  feet  of  ascent,  partly 
from  the  increased  capacity  for  heat,  and  partly  because 
it  ia  warmed  mostly  by  contact  with  the  earth.  The 
lime  of  perpetual  snow  is  15,200  feet  above  the  sea  at 
t'he  equator,  3818  at  flO°  latitude,  and  only  1000  at  le". 
A  t  85°  it  has  sunk  to  111  feet,  and  nearer  the  pole  act- 
w.ally  dips  below  the  soil. 

Of  tlie  eonstituenta  of  the  air,  the  oxygen  and  nitro- 
gen are  regarded  as  fixed,  the  carbonic  acid,  water,  and 
■ammonia  as  variable ;  but  every  process  of  respiration 
and  combnstion  tends  to  change  the  amounts.  Animola 
take  oxygen  and  replace  it  by  carbonic  acid,  while  plants 
do  the  reverse.  A  strict  balancing  is,  however,  observed 
.between  these  various  operations,  so  tbat  no  change  can 
be  detected  between  the  present  atmosphere  and  that 
existing  centuries  ago. 

Of.  the  mechanical  properties  of  the  air,  tbe  firet  to 
ivhich  ive  have  to  direct  our  attention  ia  its  press-  Fig.  z 
uu'e,  which  takes  effect  equally  in  all  directions,      ~ 
upward,  downward,  and  laterally.     Thus,  if  wo 
take  a  glass  tube,  a,  Fig.  212,  several  feet  long, 
closed  at  one  end  and  open  at  the  other,  and, 
having  filled  it  with  water,  place  over  the  mouth 
.1  stont  piece  of  paper,  J,  and  turn  it  upside 
down,  the  paper  will  not  fall  off  nor  the  water 
flow  out.     They  remain,  as  it  were,  suspended  ^ 
o-n   nothing,  but,  in  reality,  sustained  by  the  upward 
fivessure  of  the  air.     Or  if  we  take  a  bottle,  «,    ^g  ^^^_ 
J^ig.  213,  with  a  hole,  &,  half  an  inch  in  diam-   ^i^i>; 
&fter  at  the  bottom,  and,  having  filled  it  with     ||^^ 
w:ater,  close  the  mouth  with  the  finger,  it  may     jA 
be  held  in  the  air  withont  tbe  water  flowing  /^? 
out,  though  the  aperture  J  is  wide  open.     In  ||||h 
this  instance,  again,  it  is  the  upward  pressure  '^F 
of  the  air  which  snstaina  the  liquid. 

Advantage  is  taken  of  the  elasticity  and  expansibility 

How  dooB  ilB  temperature  vary?  WTiich  ore  tbo  variable  and 
iTbich  tlie  iixed  coneeitnenls  of  the  air?  Give  some  illustrations  of 
the  upward  prossaro  of  the  air. 
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of  the  air  in  tlie  eonstiuction  of  the  111  pnmp,  an  iostrn- 
ment  intended  foi  the  lemovil  ol  an  from  closed  ves- 
sels.    It  consists  ot  t^o  cjlindti'*,  I\  j  214,  the  pistons 


of  which  may  be  alternately  raised  and  depressed  by  ii 
rack  and  pinion.  They  communicate  by  a  tube  with  tho 
interior  of  a  bell-jar  or  receiver,  -which  stands  on  the 
air-pump  plate,  and  makes  a  tight  joint  with  it  becaueo 
the  two  are  ground  flat.  ,  On  working  the  handle  the 
air  in  the  bell-jar  is,  little  by  little,  removed,  and  event- 
ually only  a  small  fraction  of  the  original  amount  re- 
mains. Let  the  glaea  globe  «,  Fig.  215,  be  nearly  filled 
Tin.  215.  ^'*'^  water,  and  inverted  so  that  its  neck,  5„ 
dips  beneath  the  water  contained  in  vessel  c. 
If  the  whole  be  covered  with  an  air-pum-p 
•,  (?,  and  the  receiver  exhausted,  th.e 
bubble  at  a  dilates,  and  after  a  time,  aa  thio 
action  of  the  machine  continues,  fills  the  ew- 
>  tire  glass,  both  bulb  and  tube.  As  the  pref.s- 
ure  is  restored  by  letting  air  again  into  th.e 
10  bubble  contracts  and  eventually  regains  its 
original  size. 

The  air-pump  enables  us  J;o  exhibit  in  a  striking  man- 
ner the  chief  mechanical  properties  of  the  air.    Thus,  if 
on  the  plate  of  it  there  be  placed  a  receiver.  «,.F('ff.  216, 
Describe  the  air-pomp.    Deaciibe  ^3. 215.    Give  illnstrations  of 
downward  pressure. 


bell- 
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a  the 


as  soou  as  the  air  is  exhausted  from  its  inte- 
rior, the  superincumbent  pressure  retains  the 
glass  so  firmly  in  contact  that  it  is  impossible 
to  litl  it  off;  but  when  the  air  is  readmitted 
it  can  e^ily  be  moved.    If  within  the  ri 
er  a  a  smaller  one,  J,  be  placed,  and  exhaus-  ■_ 
tion  made,  while  a  is  fixed,  b  can  be  easily 
moved  bv  shaking  the  pump ;  but,  on  letting  ir 
s  fived  ^nd  a  loosened. 
;i3  If  over  the  mouth  of 

a  jar,  Fig.  217,  placed 
on  the  pump,  the  palm  « 
of  the  hand  be  laid  as 
the  air  is  exhausted,  it  ia 
pressed  in  close  contact 

with  the  jar,  and  can  

only  be  removed  by  the  exertion  of  a  very 
considerable  force. 

On  the  small  plate  «,  Fig.  218,  furnished 
(,  1^  itb  a  stopcock,  5,  terminating  in  a  jet,  c, 
a  tall  receiver  is  placed,  and  the  appara- 
tus being  screwed  on  the  air-pump,  ia  ex- 
hausted, and  the  stopcock  closed.  On 
being  opened  when  the  lower  end  of  the 
tube  dips  under  water,  the  water  rises  to 
the  top  of  the  jar,  and  forms  a  fountain  in 


LECTURE  XLIV. 
.^.\TMO SPHERIC  AiK.— -fVesswre  of  the  Air. — ExJiaustion 
without  an  Air-pump. — Determination  of  the  Weight 
of  the  Air. — Amount  of  Pressure. — Elasticity  of  the 
Air. — Air  in  the  Fores  of  Bodies. — Aquatio  Mespi- 
ration. — Preservation  of  Meats  and  Fmits.    ■ 
The  Magdeburg  hemispheres,  invented  by  Otto  Gaer- 
icke,  who  also  invented  the  air-pump,  illustrate  in  a  strik- 
ing manner  atmospheric  pressure.     They  consist  of  a 
pair  of  brass  hemispheres,  ^g.  219,  with  handles.    They 
What  are  the  Magdeburg  hemi- 
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fit  witliout  leaka<,e  to  one  anothei  itid  form  a  Bphere, 
One  of  them  has  a  stopcock  thiough  which  the  air  m:ay 
be  exhanstod  j  and,  on  tins  being  done,  it  will  be  found 
impossible  to  pull  tbem  apait,  though  ivheii  the  air  is 
readmitted  and  the  piessuie  restored  to  the  interioi-, 
tbey  ■will  fail  apait  by  then  own  weight. 
If  over  the  mouth  of  an  open  leceivev,  Fig.  220,  a. 
Pui.  220.      piece  of  bladder  be  tied  with  a  waxed  thread, 
when  the  air  is  suddenly  exhausted  the  blad- 
.  der  becomes  deeply  depressed  into  a  spheri- 
cal concavity  by  tht;  jsressure  of  the  air,  anfi 
finally  barsts  inward  with  a  loud  exploaion . 
It  is  upon  this  principle  of  atmospheriio 
pressure  that  the  various  instruments  for 
cupping  act.    The  simplest  method  of  perfonning  this 
operation  is  to  place  the  cupping-glass  for  a  momeot 
over  the  flame  of  a  large  spirit-lamp,  and  then  transfer 
it  rapidly  to  the  skin.    As  soon  as  the  steam  with  which' 
the  interior  of  the  vessel  is  filled  condenses,  a  partial 
vacuum  is  formed,  and  the  soft  parts  are  pressed  into 
its  interior. 
For  many  experiments  the  air-pump  is  not  required. 
^.  ^2,        Thus,  if  we  Uke  a  vial,  a.  Fig.  221,  acid 
"'  fit  to  the  mouth  of  it  a  cork,  &,  throug'h 

I  which  passes  a  piece  of  glass  tube,  c. 
drawn  to  a  narrow  jet  at  one  end,  bu'.i; 
open  at  the  other,  by  placing  the  fing  er 
over  the  opening  and  introducing  it  in^*^© 
;  the  mouth,  the  air,  by  the  action  of  the' 
tongue  and  muscles  of  the  mouth,  may  be 
drawn  ont  to  a  great  extent ;  and  when  the  exhaustion 
has  been  carried  as  far  as  possible,  by  pressing  the  fin- 
ger over  it  the  opening  may  be  closed.     If  now  the 
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bottle  be  turned  upside  down,  as  at  e, 
and  the  finger  removed,  a  fountain 
Tlie  pressure  of  the  air  depends 
aheavy  body,  as  may  be  proved 
hy  weighing  it  directly.    Let 
a  light  glass  flask,  a.  Fig.  222, 
fitted  with  a  stopcock,  be  coun- 
terpoised in  a  balance,  then  let 
the  an  be  exhausted  fiom  it 
apd  the  loss  of  ■i^  eight  deteira 
iijed      On  opening  the  stop 
cock  and  again  admitttng  the 
dii    It  will  legain  its  oiiginal 
Height    A  flask  containing  100 
cubic  incliea  mil  in  this  man 


some  water, 

formed. 

the  fact  that  it  if 


the  sto]  CO  k  b 


le  lose  31  grn 
and  tliat,  therefore,  i 
we  ght  of  that  amount  of  air. 
Atmospheric  air  is  used  as 
tl  e  standard  of  comparison 
ot  the  specific  gravities  of 
o  1  e*'  gases.  The  process 
lor  the  determination  le  very 
B  nple.  A  pear-shaped  flask, 
F  Mff.  223,  furnished  with  a 
small  stopcock,  is  screwed  to 
the  air-pump  and  exhausted 
of  a  r.  After  being  weighed 
It  s  attached  to  the  grailua- 
ted  jar  G,  filled  with  dr  or 
any  other  gaseous  body,  and, 
el  it*lls.    Itistbenreweighed, 
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and  will  bo  found  to  have  increased  several  grains.  The 
amount  that  has  passed  into  the  flask  is  known  by  read- 
ing off  at  the  graduation. 

There  are  several  difierent  metlioda  of  stating  the 
amount  of  the  mean  pressure  of  the  air ;  thus  we  eay 
that  it  is  equal  to  15  pounds  on  the  square  inch,  or  to  a 
column  of  mercuiy  30  inches  long,  or  to  a  column  of 
water  33  feet  long.  Upon  the  body  of  a  man  the  atmos- 
phere presses  with  a  weight  of  30,000  pounds,  but  it  is 
not  felt  because  the  internal  air  presses  outward  with 
similar  force.  Humboldt  exposed  his  body  to  a  varia- 
tion of  pressure  equal  to  31,000  pounds  without  suffej:- 
ing  any  inconvenience. 
That  air  is  a  highly  elastic  substauce  can  be  readily 
22^  showD. ,  Under  a  bell-jar.  Fig.  224,  let  therf) 
^r%  '  be  placed  a  half-blown  bladder,  the  neck  of 
jii^^h  which  is  tied.  As  the  air  ia  removed  from- 
IflK  ^^^^  ^^^'  bladder  distends,  but  on  restoring- 
M  Wi  ^'^'^  pressure  it  becomes  as  flaccid  as  it  wa.s 
BWjiijJH  before,  showing  that  the  included  air  expands 
^^^^^  and  contracts  as  the  pressure  upon  it  varies. 
^^=*^  This  may  be  still  more  strikingly  shown  by 
""■  ""^  taking  a  small  India-rubber  bag,  J?;?, 

225,  the  moath  of  which  is  closed  tigbi-.- 
ly,  and  using  it  instead  of  the  bladdei". 
On  rarefying  the  air  in  the  receiver  the' 
I  bag  begins  to  dilate,  and  may  be  extend- 
to  several  times  its  original  dimen- 
sions, as  shown  by  the  dotted  line ;  bu  t 
when  the  pressure  is  restored  it  retuiiis 
to  its  former  size.  „,  „„ 

r  does  the  expansion  take  place  mth 

an  inconsiderable  force.  If  a  flaccid  blid 
der  be  compressed  by  leaden  weights,  _Mjf 
226,  as  soon  as  the  pressure  is  removed  it 
will  push  «p  the  weights.  Nor  doei  it 
lose  its  elasticity  by  being  long  confined 
Some  of  the  old  chemists  kept  air  com 
pressed  in  copper  globes  for  months,  lud 

How  mav  the  pressure  of  the  nil'  be  Btntoil?  1\  hit  is  the  press- 
ure on  the  liody  of  a  man  ?  How  may  the  elasiitiiy  of  nir  be  illuf. 
trated  ?  How  may  it  be  shown  by  nn  India-ruhhor  bag  ?  Gite  an 
illustration  of  tlie  amonnt  of  this  force. 
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found  that,  as  soon  as  liberated,  it  regained  its  original 

By  taking  advantage  of  the  expansion  of  aiv,  and  by 
i!^ducing  the  pressure,  its  existence  in  the  pores  p^  g^j^ 
ofmany  bodies  maybe  shown;  thusif  we  place  ~ 
ran  egg,  Mff.  227,  an  apple,  or  other  such  objects  , 
8  of  water,  and  exhaust  the  air  from  the 
covering  bell-jar,  we  shall  see  bubbles  i 
of  air  in  oounlless  numbers  escaping 
through  the  water.  A  glass  of  ale,  ' 
Wig.  228,  placed  in  an  exhausted  re- 
ceiver, foams  from  the  escape  of  car- 
bonic acid  gas ;  and  spring  or  river 
water,  examined  in  the  same  way,  is  found  to 
,  contain  three  or  four  per  cent,  of  gas. 

This  last  fact  is  of  great  importance,  for  it 
ta  by  the  aid  of  this  air  that  all  water-breathing  animals 
.•jxisL  Fish  do  not  respire  water,  but  the  air  contained 
ira  it.  This  air  differs  from  the  atmosphere,  in  contain- 
irtjg  more  oxygen  —  33  per  cent,  instead  of  21.  The 
ca.use  of  the  difference  is  that  oxygen  is  move  soluble  in 
water  than  nitrogen.  Nevertheless,  the  respiration  of 
aq.;uatie  animals  is  never  so  perfect  as  that  of  air-breath- 
ers, on  account  of  the  limited  sup- 
ply, and  hence  such  animals  are  al- 
ways cold-blooded.  When  fish  are 
i;^)]aced  in  water  under  an  exhausted 
jfeceiver,  Mff.  229,  they  soon  die. 
They  ai-c  nnable  to  descend  to  the 
bottom  except  by  violent  exertion, 
bP'Cause  the  air  in  their  swimming- 
bladder  expands  and  buoys  them  up. 
Tlhe  highest  fishes,  as  the  whale, 
which  has  a  temperature  of  98°, 
br.eathe  the  atmosphere  by  lungs, 
co^jiing  periodically  to  the  surface 
fo.r  that  purpose. 

The  necessity  of  air  to  tlie  support  of  combustion  may 
'be  demonstrated  by  the  length  of  time  that  a  caudle 

How  may  the  preBcnco  of  air  be  detecled  in  the  pores  of  solid 
^odies?  How  may  it  be  sliown  that  air  exists  in  water?  Of  what 
'ase  is  the  air  in  water?  How  does  it  differ  from  atmosphorie  air? 
^How  do  fishes  under  an  exhansWd  receiver  act  ? 


Fig.  22!l. 
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will  bum  ill  a  jar  full  of  air,  and  in  the  same  jar  ren- 
dered vacuous.  In  the  latter  case  it  dies  out  at  once, 
the  smoko  descending  to  the  bottom  of  the  jar,  owing 
to  the  rarefaction  of  tbe  sun-ounding  mediam. 

Substances  prone  to  decay,  such  as  meats  and  fruits., 
may  be  preserved  for  a  long^ 
'^'     '  time  in  vessels  void  of  air. 

The  piocess  ia  illustrated  m 
Fiq  230  The  fruits  are  plae-ad 
lu  a  jar,  closed  by  a  sound 
,  coik  covered  with  sealiL-g- 
,  wax  A  small  bole  is  made 
.  through  the  eort,  and  tbe  air 
exhausted  When  tbe  vacu- 
um IS  ai  complete  as  may  be, 
the  hole  is  closed  by  melting' 
the  w  TV  m  'i  converging  beami 
oi  banhgbt  On  the  large 
scale,  the  things  to  be  prc;- 
seived  an,  inclosed  in  tm  cins,  ^hich  are  sealed  by  sal- 
dering,  eioept  a  pinhole  that  is  left  through  tbe  covfjr. 
The  tins  aie  immeised  in  boiling  w  atei,  and  when  steam 
issues  from  the  pin-hole  it  is  closed  by  a  drop  of  meltcid 
solder. 

From  the  foregoing  experiments  and  considerationiS, 
it  is  demonstrated  that  the  prime  fact  in  pneumatics  is,, 
that  air  has  weight;  from  this  arise  its  pressure  and 
varying  density  at  different  altitudes.  Its  elastic  force, 
must  ^so  be  equal  to  the  pressure  upon  it ;  if  it  wei'e 
less,  the  air  would  compress ;  if  greater,  dilate. 

How  may  the  necessity  of  air  to  combnsdon  be  shown?  Hc>w 
may  meats,  cti:.,  be  preserved  ?  What  facte  in  pneumatics  liave  we 
denionstratod  ? 
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LECTURE  XLV. 


Atmospiieeic  Aik, —  Construction  of  the  Barometer. — 
Cause  of  its  Phenomena. — IMstory  of  its  Invention 
by  Torricdli. — Pascal's  Mcperiment. — Illustrations 
.  (j/"  the  Ifature  of  Pressure. — YariabUity  of  Pressure. 
— Distwrbances  in  the  Corrmosition  of  the  Air. — Are 
corrected^  the  Winds  and  Diffusion. — Hhistrations 
"  of  IHffusion.  — The  Air  is  a  Mixture.  —  Marriotte's 

If  ive  take  a  tube  of  glass,  a  b,  Mg.  231,  more  than 
30  inches  lODg,  sealed  at  one  end  and  open  at  the  _.  ^^j 
other,  and,  having  filled  it  with  quicksilver,  ' 
vert  it  in  a  cup  of  that  metal,  c,  the  merci 
■will  not  flow  out  of  the  tube,  but  will  remain 
isnapended  at  a  height  of  from  28  to  30  inches, 
a  vacuous  space  being  left  at  the  upper  part.  A 
soale,  (?,  divided  into  inches  and  decimal  parts, 
t'he  zero  being  at  the  level  of  the  mercury  in  the 
Cup,  completes  the  instrument.  It  is  termed  a 
barometer. 

The  cause  of  the  suspension  of  the  mercury  in  ■ 
Fig.  Bss.   the  tube  is  the  pressure  of  the  air.    This 

may  be  demonstrated  by  placing  over  the  ba- 
rometer a  tail  aJr-pump  jar,  Mg.  232,  and  ex- 
hausting. It  will  be  found  that,  as  the  pressure 
is  reduced,  the  column  of  mercory  falls ;  and 
when  the  pressure  is  restored,  it  rises  again  to 
the  original  point.  ^^  ^ 

The  same  fact  may  be  proved  in  an-      a  ' 
other  manner.    If  a  tube  upward  of  30        ' 
inchea  in  length,  the  upper  end  of  which 
is  closed  by  a  piece  of  bladder,  be  filled 
I  with  mercury  and  inverted  in   a   cup. 
Fig.  233,  the  bladder  will  be  deeply  de- 

fressed,  the  pressure  of  the  air  being  borne  by  it. 
f  now  a  pinhole  be  made  through  the  bladder  so 
as  to  allow  the  air  to  press  on  the  top  of  the  mev-  ' 
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cury,  the  colutun  descends  to  the  level  of  that  in  the 
cup  below. 

The  barometer  was  invented  by  Torrieelli  in  1643. 
Some  plumbers  working  for  the  Duke  of  Florence  found 
that  it  was  impossible  to  make  a  pump  that  would  raise 
water  more  than  about  30  feet.  This  fact,  coming  to 
the  knowledge  of  Torrieelli,  caused  him  to  suspect  that 
water  rose  in  those  machines  in  virtue  of  the  pressure 
of  the  air,  aad  not  from  Nature's  abhorrence  of  a  vac'a- 
um,  as  was  at  the  time  supposed,  K  the  limit  to  which 
water  can  be  raised  by  suction  is  reached  when  %be 
weight  of  the  coImnD  of  lic|nid  equilibrates  the  weigbt 
of  the  air,  a  heavier  fluid  will  be  raised  to  a  less  height. 
Accordingly,  a  pump  ought  to  raise  quicksilver  only  as. 
many  inches  as  water  feet,  for  the  respective  weights 
are  as  1  to  13^.  Torrieelli  found,  by  means  of  a  pump 
lixed  to  a  long  glass  tube,  that  such  was  the  case. 

That  it  is  the  pressure  of  the  air  that  supports  the 
mercurial  column  is  definitely  proved  by  Pascal's  exper- 
iment of  taking  a  barometer  up  a  high  mountain.  Ah 
the  height  of  air  above  the  instrument  is  decreased,  thie 
column  of  mercury  also  decreases  in  height.  Advan- 
tage is  taken  of  this  fact  to  determine  uie  height  o1" 
raountMus. 

The  principle  of  the  barometer  may  be  illustrated  by 
Fig.  S34.  substituting  for  the  pressure  of  the  air  the  press- 
ure of  a  colimm  of  water.  If  some  quicksilver 
be  put  at  the  bottom  of  a  deep  jar,  a,  Mg.  234, 
and  a  long  tube,  5,  planged  into  it,  on  pouring; 
water  into  the  jar,  for  every  13^  indies  in  deptSi 
^  poured  in,  the  quicksilver  will  rise  one  inch,  tht5 
mercurial  colunm  counterpoising  the  column  of 
water  just  aa  it  does  the  column  of  air  in  the- 
case  of  the  barometer. 

Mr.  Boyle  discovered  that  the  pressure  of  thti 
air  is  variable,  the  mercurial  column  sometimes  fallings 
to  27  inches,  sometimes  rising  to  30.  The  range  is- 
commonly  estimated  at  2.5  inches.  It  is  less  in  the 
tropics.    These  changes  are  irregular,  and  depend  on 

Wlio  invented  the  barometer  ?  What  wei'e  the  circarastances  of 
the  invention?  What  was  Pascal's  experiment?  How  may  the 
phenomena  of  the  barometer  be  illustrated  by  the  pvessme  of  a  wa- 
ter column  ?    What  are  fliB  irregukriliea  of  the  barometer  ? 
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nneteorological  events.  A  sudden  change  in  the  barom- 
eter is  regarded  by  seamen  as  indicating  an  approach- 
ing storm.  There  are  also  regular  variations  during  the 
>day,  the  column  rising  twice  in  24  hours.  In  winter 
ithe  first  maximum  is  about  9  A.M.,  the  minimum  at  3 
"P.M. ;  the  second  maximum  at  0  P.M. 

The  pressure  of  the  air  and  its  variations  can  also  be 
measured  by  an  instrument  called  the  Aneroid  Barom- 
eter, which  consists  of  an  elastic  metal  box  partly  es- 
hajisted  of  air.  By  the  aid  of  multiplying  levere,  the 
vafriations  in  the  size  of  tliis  box  are  conveyed  to  an  in- 
d4x  which  pJays  upon  a  divided  scale,  and  enables  the 
observer  to  read  tlie  amount.  It  must  be  graduated  by 
SA  standard  mercurial  instrnment, 
'  Many  oaueeB  tend  to  give  rise  to  local  disturbances 
"in  the  air.  In  its  lower  strata,  combuBtion  and  respira- 
tion are  tending  to  diminish  the  oxygen  and  increase 
<*,h6  carbonic  acid.  On  the  contrary,  vegetation,  more 
particularly  at  the  equator,  diminishes  the  carbonic  acid 
and  increases  the  oxygen.  But,  notwithstanding  these 
diViturbaucea,  and  the  fact  that  the  constitu- 
e-nts  of  the  air  are  of  different  Bpeciflc  gravi-  i 
ti'^s,  its  composition  is  nearly  the  same  every  I 
w,here.  This  is  owing  partly  to  the  winds  I 
•and  partly  to  the  principle  known  as  the  dif-  { 
^^sion  of  gases,  which  may  be  illustrated  as  . 
■follows :  If  two  vials,  /*  c,  Fiff.  285,  are  rinse 
'Ont,  h  with  ammonia  and  c  with  hydrochloric  j 
acid,  ea«h  becomes  filled  with  the  vapor  of 
tlfte  liquid  used.  On  placing  them  mouth  to 
niionth,  as  in  the  figure,  dense  white  fumes 
o'.f  sal  ammoniac  (1TH,C1)  appear  simultaue- 
Cjusly  in  both. 

The  same  effectwilltake  place  even  though  | 
b  arriers  intervene,  as  may  be  shown  by  tak- 
ing a  porous  earthenware  cup,  a  a,  Mg.  236, 
s.uch  as  is  used  in  Grove's  battery,  andce-  _ 
menting  into  its  mouth  a  tube,  b.    A  wide- 
monthed  bottle,  c  c,  being  placed  as  a  cover  o\er  the 

What  are  the  diurnal  variations  ?  What  is  the  Aneroid  ?  TVhat 
tends  to  change  the  composition  of  the  air?  How  is  the  air  kept 
uniform  in  composition  ?  How  may  diffusion  be  illnstratcd  ?  How 
may  it  be  Bhown  to  occur  through  liarriers  ' 
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porous  cup,  It  ma7be  fiUed  witb  hydro- 
gen by  di-jplacement  If  the  end  ot  the 
tube  be  put  m  ^^  atei  ui  a  cup,  d,  the  iva 
tei  will  lUsh  up  the  moment  the  bottle  i* 
icraoved  The  hjdiogea  diflnses  out 
thiough  the  poious  cup 

El  en  Indiari  nbbei  iull  allow  the  same 
1  exults    to 


f  a  jai  of  cii 
boniB  acid  It 
swells  up,  ind 

assumes  i  dome  slnpc,  the  tcid  ha\iQ^ 
diftused  into  the  bottle  Oi,  it  the  bottle  le  Ijllcd  with 
caibonio  acid,  is  at  «,  and  exposed  to  the  an, the  era 
bonm  acid  will  diffuse  out,  and  the  India  lubber  be  de- 
pressed 

By  bubstances  winch  can  not  be  regarded  as  havingr 
any  pores  at  all,  the  same  phe-- 
■  noraena are  exhibited.  InMg. 
,  «  ra  is  a  bottle  rinsed  ou't 
with  ammonia.  By  means  af 
a  tube,  5  5,  a  aonp-bnbbie,  c,  is 
blown  in  it.  If  some  of  the 
air  from  the  bubble  be  dmwn 
into  the  mouth  it  will  be  founcU 
to  Lave  at  once  acquired  an 
ammoniaeal  taste;  or,  if  a  ro  d 
dipped  in  hydrochloric  acid  b(  a 
presented  to  the  projecting 
end  of  the  tabe  5,  copious 
white  fumes  arise, 
r  showed,  by  tlie  aid  of  the  apparatus 


Dr.  J.  W.  Dr.n 
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Mg.  239,  that  snlpliureted  hydrogen  will  dif-  J^-^so. 
rfttse  into  atmospheric  air,  though  resisted  by  -^^^ 
;a  pressure  of  750  pounds  on  the  square  inch. 
?tt  consists  of  a  strong  tube  hermetically 
■.sealed  at  one  end,  through  which  a  pair  of 
.platinum  •wires,  5  e,  pass.  The  other  end, 
.0!  a,  is  closed  by  a  sheet  of  Indiarrubber.  The 
ga^uge-tube,  ij!,  which  indicates  the  pressure, 
ca.rries  at  its  top  a  little  cup  to  contain  ace- 
tate  of  lead,  or  any  other  reagent.  On  con- 
necting b  and  c  with  a  Voltaic  pile,  the  iva- 
te^r  which  fills  the  tube  to  e  e  is  decomposed, 
.■Hiid  oxygen  and  hydrogen  accunaulate  in  the 
tube,  exerting  a  pressure  greater  and  great- 
er as  the  decomposition  is  prolonged.  The 
whole  apparatus  may  then  be  subjected  to 
a  jar  of  sulphureted  hydrogen.  It  will  be 
fonnd  to  pass  through  with  facility,  coloring 
the  acetate  of  lead  solution  bla<!k  or  deep 
br-o-wn. 

That  the  atmosphere  is  a mixtare,  and  not  ^™ 
a  componnd,  is  proved  by  its  easy  decomposibility,  its 
refractive  power,  and  by  the  fact  that  its  constituents 
'%e;tain  their  properties  unchanged.  The  oxygen  and  ni- 
tirogen  may  be  determined  as  already  described :  the 
•carbonic  acid  by  potassa  or  lime-water,  the  aqueous  va- 
•por  by  the  method  for  the  dew-point. 

Atmospheric  air  being  thus  an  elastic  and  compressi-, 
ble  body,  it  is  necessary  to  detennine  the  law  of  p^. 
its  change  of  volume  under  changes  of  pressure,  ^u- 
Tjiis  is  known  as  Marriotte'a  law,  and  applies  to     * 
m'any  other  gases.     TJie  volume  of  a  gas  is  in- 
r/ersely  as  the  press^tre  iiponit.    This  law  is  of  the 
utmost  importance  in  gaseous  chemistry.     It  is  il- 
lustrated by  the  instrument  ^g.  240,  in  which  a  h 
is,  a  bent  tube,  open  at  a  and  closed  at  b.    The 
branch  a  may  be  several  feet  long,  and  h  six  inch- 
'3S.    A  small  quantity  of  mercury  is  poured  into  9 
Vhe  tube  so  as  to  occupy  the  bend,  and  shut  up  a  ' 
column  of  air  between  d  and  h.     If  the  tube  be  filled 

How  nx&y  diffuBion  against  pressure  be  demonstrated  ?  Whfit 
Tiiroofs  are  there  that  the  atmosphere  is  a  mixture  ?  What  is  Mar- 
riotle'8  law  ?     How  may  ila  tinth  be  provecl ? 


I 
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with  mevcniy  to  the  height  of  30  inches,  the  pressure 
of  this  column  is  exerted  on  the  air  in  b  ;  and  as  tliev^ 
are  now  the  weight  of  two  atmospheres — that  of  th.a 
ordinary  atmosphere  and  that  of  the  mercurial  columii 
— it  is  compressed  into  half  its  former  Yolume,  c.  It' 
we  bring  upon  it  three  atmospheres,  it  com'presses  tci 
one  third;  four,  to  one  fourth.  And  the  law  ofcouref 
holds  good  for  diminution  of  pressure ;  reduce  tha 
pressure  one  half,  the  volume  doubles,  etc. 


LECTURE  XLVI. 

COMTOUNDS  OF  NiTEOGEN  AND  OXYGEK". — ProtOXlde  O/" 

Ifilrogen. — Preparation  and  Properties. —  Constit%i~ 

tion. — A  Siipport&r  of  Combustion. — Physiolofficcil 

^ects. 
J)eutoxide  of  Nitrogen. — Preparation  and  IVoperlieK. 

—  Constitution. — Selationa  with  Free  Oxygen. 
Hyponitr(ym  Acid. — Preparati<m.  and  Properties. 

Protoxide  of  Nttkoobn.    JV0=22. 
If  nitrate  of  ammonia  be  exposed  to  a  temperature  <of 
m.^\\.  350°  in  a  retort,  i'J'^.  241,  it  \t 

decomposed,  being  resolved  int'o 
water  and  the  protoxide  of  ni- 
trogen. The  former  condensei^ 
'ntheneckof  the  retort,  the  lat- 
ter rises  into  the  iar.  Ifwhitiiili 
'  fumes  are  evolved,  they  indieaite 
that  the  temperature  Is  too  high. 
The  decomposition  is  very  simple. 

i\^0, + iW/, =2  (iTO)  +  3  (^0) . 
One  atom  of  the  salt  yields  two  atoms  of  the  protoxitl.e 
of  nitrogen  and  three  of  water.    One  ounce  of  the  i-ii- 
trate  produces  two  gallons  of  the  gas. 

The  protoxide  of  nitrogen  is  a  colorless  transparent 
gas,  having  a  sweetish  taste.  It  is  soluble  in  water,, 
that  liquid  dissolving  about  its  own  volume  of  the  gas, 
but  ^ving  it  np  on  being  boiled.  Its  specific  gravity  is 
1.52'J.  A  hundred  cubic  inches  wei^H  47.08  grains;  '\\, 
How  may  protoxide  of  nilfogen  be  made  f    What  ai'e  its  proper-  ■ 
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is.  therefore  half  as  heavy  again  as  air,  and  may  be  col- 
ic cted  by  displacement,  the  specific  gravity  being  the 
same  as  that  of  carbonic  acid.  It  may  be  liquefied  at 
4:\5°  by  a  pressure  of  fifty  atmospheres,  and  at  150°  be- 
loiw  zero  tieezes  into  a  tianspaient  crystallino  solid.  In 
the  liquid  foim  it  is  coloiless,  and  boila  at  — 125°.  A 
<3rop  of  it  falling  on  the  skin  pioduces  the  efiect  of  a 
burn.  Mercuiy  sinks  lu  it  and  freezes  into  a  solid. 
The  liquid  proto3i.ide  mi'ced  with  bisulphide  of  carbon 
procSuces  the  lowest  temper'itme  yet  attained,  —220°, 
If  fhe  liquid  be  forced  into  the  air  from  a  jet,  a  part 
ffiaezes  into  a  solid,  the  same  occurring  when  it  evapo- 
rates in  vacuo.  It  is  composed  by  atom  of  one  of  nitro- 
g<3n  and  one  of  oxygen,  and  by  volume  of  two  of  nitro- 
gen united  to  one  of  oxygen,  condensed  into  two  vol- 
nmes — a  constitution  like  that  of  water.  As  it  contains 
hailf  its  volume  of  osygen,  it  supports  combnation  act- 
iv-ely ;  a  spark  on  the  wick  of  a  taper  introduced  into  it 
bursts  into  a  flame,  and  phosphorus  burns  with  great 
briiUianey. 

Protoxide  of  nitrogen,  or  laughing-gas,  as  it  is  popu- 
larly called  from  the  following  circumstances,  possesses 
rernarkable  physiological  properties.  When  breathed 
it  ;prodace8  a  transient  intoxication,  owing  to  the  rapid 
Oxidation  that  is  set  up  throughout  the  system.  It  is 
ctven  more  active  than  pure  oxygen,  because  it  ia  more 
readily  soluble  in  the  blood,  and  therefore  causes  a  more 
r.apid  combustion  of  the  tissues.  The  individual  under 
itsi  influence  has  a  great  flow  of  ideas,  an  irresistible  tend- 
emcy  to  laugh  and  undergo  great  muscular  exertion, 
an.d  not  infreqaently  becomes  pugnacious.  This  state 
is  succeeded  by  one  of  depression,  on  account  of  the  ac- 
c.umulation  of  carbonic  acid  in  the  blood,  the  lung^  not 
btiing  able  to  remove  it  as  fast  as  produced.  The  respi- 
ra-.tion  of  the  protoxide  is  not  unattended  with  danger,' 
as;  it  may  contain  chlorine  or  deutoxide  of  nitrogen,  ov 
njay  dangerously  stimulate  an  excitable  constitntiouc 
Dedtoxide  of  Nitkogen.     iVO2=:30. 

The  deutoxide  or  binoxide  of  nitrogen  is  made  by  the 

How  may  it  be  liquefiod?  Wlial  tire  the  properties  of  liquefied 
'i)rotoxide?  Why  does  it  snpport  coinbnstion ?  What  are  its  rela- 
'iions  to  respiration?  Why  doea  it  intoxicate?  Wliat  13  the  cause 
of  the  subsequent  depression  ?    How  is  deutoside  of  nitrogen  made  ? 
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action  of  dilute  nitric  acid  on  slips  of  copper.  The  iiei^ 
j.ivp  2ii  essary  apparatus  is  represented  in  Fig.  2i'2. 
Fresh  supplies  of  nitric  acid  are  occasional- 
ly to  be  added  through  the  funnel,  b,  whe.'E 
the  action  slackens.  It  is  a  colorless  gas, 
and  may  be  collected  over  water,  as  that 
fluid  only  absorbs  one  twentieth  of  its  voV 
nme  of  it. 

It  is  composed  of  equal  volumes  of  nitro- 
gen and  oxygen,  tinited  without  condonea- 
iion.  lis  speciiie  gi-avity  is  1.0385;  100  cubic  inches 
weigh  32.10  grains.  It  does  not  support  combustion.,  a 
lighted  taper,  ignited  camphor,  or  sulphur  being  extin- 
guished ;  but  if  phoBphorua  in  intense  ignition  be  placed 
in  it,  the  eombnstion  is  increased  in  activity.  The  san:ie 
is  true  of  potassium  or  sodium.  The  vapor  of  bisulphid.o 
of  carbon,  mixed  with  the  deutoxide  and  set  on  fii'e, 
causes  the  evolution  of  a  most  intense  light,  and  the  p^to- 
dnction  of  carbonic  and  sulphurous  acids,  with  the  ll'.b- 
eration  of  nitrogen. 

Iron,  arsenic,  some  sulphides  and  sul])hites,  and  prof.o- 
ohloiide  of  tin,  decompose  it,  protoxide  of  nitrogen  Joe- 
ing liberated. 

The  most  remarkable  quality  of  dentoxide  of  nitroge'n 
is  its  action  on  mixtures  containing  oxygen,  as, for  ex- 
ample, atmospheric  air.  It  at  once  produces  red  fnme:^ 
of  nitrous  acid,  the  deutoxide  taking  np  two  atoms  of 
oxygen.  For  this  reason  it  lias  been  used  to  effect  t!lie 
analysis  of  ^r,  certain  precautions  being  adopted.  Tlio 
deutoxide  must  be  added  in  a  small  steady  stream  to 
the  air ;  red  fumes  are  produced,  which  are  removed  iSy 
the  water  of  the  pneumatic  trough.  The  residual  gas  i-S 
less  in  volume  than  the  air  and  deutoxide ;  one  fonr'th 
of  the  deficit  represents  the  volume  of  oxygen  origin  al- 
ly present. 

Solutions  of  the  protosulphate  and  protocbloride  o/ 
iron  dissolve  this  ga.s,  a  greenish  -  black  liquid  beinp; 
formed.    It  escapes,  however,  in  a  vacuum,  leaving  the 

Does  it  support  eombnstion  ?  "What  is  its  action  on  gaseous  mix-- 
tures  conlaining  oxygen?  How  mfty  it  be  used  to  detennino  tho 
ntnonnt  of  oxygen  ?    What  ore  ita  relations  to  protosnlphate  and 
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iron  salt  nncbauged ;  heat  only  partially  expels  it.  The 
d  eutoxide  yields  in  the  spectroscope  the  red  hand  of  ni- 
trogen, and  near  it  one  derived  from  the  oxygen. 

Htponitkous  Acid.  iV"Oj=38. 
This  Gubstance,  now  frequently  called  nitrons  acid, 
n'fay  be  made  by  mixing  fonr  volumes  of  dry  deutoxide 
oi  nitrogen  with  one  of  dry  oxygen  over  mercury. 
There  arises  a  green  fluid,  colorless  however  at  zero, 
■whiqh  gives  off  an  orange  vapor.  It  may  be  produced 
froni  the  action  of  8  parts  of  nitric  acid  on  1  of  starch, 
the;  evolved  gases  being  dried  by  chloride  of  calcium, 
and  then  conducted  into  a  tube  cooled  to  zero.  It  is 
do.ul)tful  whether  the  acid  has  yet  been  produced  pure ; 
it  is  generally  contaminated  with  nitrous  or  nitric  acid. 
Water  decomposes  it  into  nitric  acid  and  deutoxide. 

It  :forms  a  class  of  salts  called  the  hyponitrites  or  nitrites. 


LECTURE  XL VII. 

CCMPOUUnS    OP    NlTEOGEN    AND    OxTGEN. N^trOUS 

■Acid. — Preparation  and  ^Properties. —  Changes  of 

CJolor  hy  Seat. —  Organic  Compounds  with  J^itrous 

Acid. 
mHtric  Acid. — Its  Discovery. — Sou7'ces  in  Nature, — 

.Artificial  Sowecea. — Preparation  and  Prop^-ties. — 

^Lnhydrous  Ifitrio  Acid. — Pur^cation,  Tests  for. — 

Jis  Salts. 

NiTKOus  Acid.    2<rOi=AQ. 

Tma  acid  is  also  called  hyponitrie  acid  and  peroxide 
of  nitrogen.  It  may  be  made  from  the  union  of  one 
vol.-ume  of  dry  oxygen  with  two  of  dry  deutoxide  of  ni- 
tr6'!;en,  the  mixture  being  cooled  to  20°.  It  also  arises 
in  t,h6  eai-then-ware  cup  of  Grove's  battery  from  the  de- 
oxidation  of  nitric  acid.  It  is  most  conveniently  pre- 
pa.ved  by  distilling  in  a  retort,  a,  Mg.  243,  dry  nitrate 
of  lead  at  a  high  temperature,  and  receiving  the  product 
in  to  a  tube,  5,  aitificially  cooled  by  a  freezing  mixture,  c. 

Mies? 
Mde? 
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ij  The  nitrous  acid  condenses  as  a 

coloi-less  Jiquid,  wliicli  becomeiS 
yellow  as  the  temperature  I'ia&s. 
Its  specific  gravity  is  1.45.  It 
j  crystallizes  at  16'',aiidboils  at  82;'. 
'  It  can  only  be  preserved  in  her- 
metically-sealed tubes.  The  va- 
T  optically ;  when  its  temperature  is  lo  w 
It  is  colorless,  at  32°  it  is  pale  yellow,  at  60°  deep  orange, 
and  finally  becomea  by  farther  heating  almost  black..  If 
the  gaa  be  examined  by  the  aid  of  a  prism  or  spectro- 
scope, a  great  number  of  lines  are  found  in  the  spectr  nra 
of  light  that  has  passed  through  it  (page  98^,  As  the 
temperature  is  caused  to  rise,  these  increase  in  breadth 
and  number  to  such  an  extent  that  eventually  no  light 
at  all  can  pass. 

Nitrous  acid  gas,  when  once  mixed  with  atmospbeiic 
air,  can  with  difficnlty  be.  condensed  into  the  liquid  for  m. 
It  is  irrespirable  and  of  a  aufibcating  odor.  Kitrious 
acid  is  decomposed  by  water, 

nitric  acid  and  deutoxide  of  nitrogen  arising  at  higlher 
temperatures,  while  at  lower  ones  nitric  and  hyponitrous 
acids  are  formed,  2N'Oi=IfO^+JV03. 
The  vapor  of  nitrous  acid  is  absorbed  by  nitric  acid, 
communicating  to  it  colors  which  vary  with  the  speci  flc 
gravity  of  the  nitric  acid.  At  1.5  it  is  deep  orange,  ;at 
1.4  yellow,  at  1.3  greenish  blue,  at  1.15  colorless. 

Though  nitrous  acid  does  not  combine  without  de- 
composition with  alkaline  bases,  it  forms  some  remai'k- 
able  combinations  with  organic  bases.  Pyroxyline,,  or 
gun-cotton  of  the  explosive  variety,  contains  5  equiva- 
lents of  this  acid,  photographic  pyroxyline  4  eqnivalenits. 
That  having  3  equivalents  of  nitrous  acid  forms  an  o'£^>al- 
ine  collodion  when  dissolved  in  ether  and  alcohol ;  tiiat 
with  2  equivalents  is  soluble  in  water. 

Nitrous  acid  is  a  powerful  oxidizer,  sulphur,  ph'os- 
phorus,  and  the  metals  decomposing  it  with  the  evoi.'i- 
tion  of  nitrogen. 

TVhtit  are  its  properties  ?  How  docs  the  color  of  its  vapor  chanr^ 
bj  heat  ?  What  is  seen  on  examining  the  specu-nni  of  light  pasE-ed 
through  it?  What  is  the  effect  of  water  on  nitrons  acid?  Wh.at 
ace  the  compounds  of  nitrous  acid  witli  organic  bases  F 
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Nitric  Acid.    ^0^=54. 

Nitric  acid  was  discovered  in  tiio  ninth  century  by 
the  alcliemists.  Until  the  discovery  of  this  and  some 
oif  the  other  powerful  acids,  chemistry  can  hardly  be 
salid  to  have  existed.  The  Egyptians,  Greets,  and  Bo- 
niians  had  no  acid  stronger  than  vinegar.  The  consti- 
tfition  of  nitric  acid  was  determined  synthetically  by 
Cavendish.  He  formed  it  by  passing  electric  sparks 
thrdiugh  a  mixture  of  7  volumes  of  oxygen  and  3  of  ni- 
trogjBn,  in  contact  with  a  solution  of  potassa.  Kitrate 
of  putaaaa  was  obtained. 

Nitrio  acid  exists  to  a  small  extent  in  rain-water,  and 
in  this  case  either  arises  from  the  effect  of  the  electric 
flashes  upon  the  atmosphere,  or  from  the  oxidation  of 
ammonia  in  the  air.  Tne  nitrates  of  potassa  and  soda 
exist  naturally  in  the  East  Indies  and  in  North  and 
Sonth  America.  They  may  be  foi-med  artificially  by  the 
oxidation  or  decay  of  organic  matter  in  contact  with 
ba&ic  bodira.  In  this  way  the  nitre  used  for  gunpowder 
is  produced  on  a  large  scale  in  Europe. 

In  most  of  these  cases  the  nitric  acid  arises  from  the 
oxsdation  of  ammonia  produced  during  putrefaction. 

^.Common  nitric  acid  is  made  by  distilling  eqiial  weights 
of  liitrate  of  potassa  or  soda  and  sidphuric  acid.  On  the 
las'ge  scale  the  process  is  conducted  in  iron  vessels,  hitt 
m  the  laboratory  glass  vessels  are  used. 

i  If  a  less  quantity  of  sulphuric  acid  he  employed,  the 
nitil-ic  acid  is  of  an  orange  color,  from  the  presence  of 
nntrons  acid ;  and,  in  addition,  the  soluble  hisulphate  of 
potassa  is  not  formed,  hut  a  sparingly  soluble  sulphate, 
aniJi  the  retort  may  be  lost.  The  decomposition  is  as 
fo'Hows : 
JTO,  JV0^+2{H0,  SO^)  =^K0,  HO,  280^+110,  JVO^. 

The  hydrated  nitric  acid  thus  produced  ia  a  colorless 
liq'aid,  which  boils  at  247°  if  its  specific  gravity  he  1.42, 
th.e  boiling  point  being  higher  if  the  proportion  of  wa- 
t  er  be  larger.  It  freezes  at  —40°,  but,  when  diluted  with 
hMf  its  bulk  of  water,  at  —2°.     It  is  decomposed  into 

"When  was  nitiic  acid  discovered?  How  did  Cavendish  form  it? 
TVTiy  does  nitric  acid  exist  in  rain-wnter?  From  what  Bonrces  is  ni- 
t.role  of  potassa  prodnced?  How  may  nitric  acid  arise  from,  ammo- 
iiia?    How  may  nitric  add  be  made?    What  are  its  properties? 
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oxygen  and  nitrogen  by  passage  through  a  white-hot 
tube;  at  a  lower  temperature,  nitrous  acid,  water,  and 
oxygen  arise.  In  the  light  it  suffers  decomposition  a&d 
turns  yellow,  on  account  of  the  uiti'ous  acid  which  di'ss- 
solves  in  it;  it  may  he  freed  from  that  a«id  by  boiling 
in  a  glass  vessel.  From  its  property  of  tinging  animiil 
substances  yellow,  it  is  useful  in  dyeing.  Its  action  on 
many  metals  and  combustible  bodies  is  veiy  violent, 
from  its  great  oxidizing  powers.  Poured  on  phosphorus 
it  produces  an  explosion.  If  some  pieces  of  ironi  are 
Fig  S44.  placedinaglasstmder  a  bell-jar,  ^/j?.  244,  the 
vapors  of  nitrons  acid  are  given  off  with  ef- 
fervescence. It  is  often  necessary  to  add  a 
little  water  to  start  the  action.  Ignited  chrir- 
coal  thrown  upon  strong  nitric  acid  bui'ns 
vigorously. 
,  Nitric  acid  was,  until  1840,  regarded  as  a 
hypothetical  body,  the  strongest  aqua  fortis 
of  a  specific  gravity  of  1.53  containing  one  equivalent 
of  water.  Its  formula  is  therefore 
2fO,+SO, 
though  its  molecular  constitution  is  regarded  as  being 
IT,  JVO^. 
The  anhydrous  acid  is  formed  by  the  action  of  chlori'-ne 
on  dry  nitrate  of  silver,  heated  in  a  tube  at  first  to  30  0°, 
and  eventually  to  150°.  It  crystallizes  in  colorless  rho.m- 
bic  prisms,  which  fuse  at  85",  and  boil  with  decompofsi- 
tion  at  113°.  The  solution  of  these  crystals  in  wattsr 
causes  a  rise  in  temperature,  and  they  then  gain  the  B.eid 
properties  which  they  did  not  possess  in  the  solid  state. 
Nitric  acid  may  be  purified  by  distillation,  the  ^firat 
parts  which  come  over  containing  chlorine  and  nitr'jins 
acid,  and  the  last  parts,  containing  eulphurie  acid,  being 


This  acid  may  be  tletected  by  the  addition  of  sulpb^r- 
ic  acid  and  a  crystal  of  protosulphate  of  iron,  a  bro'wn 
color  being  produced ;  or  by  its  action  on  copper  filin{.^8, 
with  the  evolution  of  red  fumes.  On  boiling  a  nitrafie 
with  hydrochloi'ic  acid  and  a  piece  of  gold  leaf,  the  go'id 


s  add  jeUoiv  ?    What 
bodies?    How  tnay  anhydioiu  nitric  acid  be  made?     How  may  n.i- 
trii;  acid  be  purified?     How  may  it  ba  detected? 
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is  dissolved,  forming  a  yellow  solution.  The  gold  will 
"f>o  precipitated  as  a  purple  powder  by  protochloride  of 
tin. 

The  nitrates  deflagrate  when  burned  with  combusti- 
ble mattei-,  as  may  be  shown  by  igniting  a  mixture  of 
sitre  and  sugar.  From  the  solubifity  of  all  its  salts, 
nitric  acid  can  not  be  determined  by  precipitation.  The 
sai'ts  are  mostly  neutral,  though  some  of  the  metallic 
onses  are  basic. 


LECTURE   XLVIir. 
Sources  in  Wxture. — Its  Three  Farms. — 
'.es  of  iSuiphur. — Its  Vapor. —  Oxygen  Com- 
pounas. 
Sulphurous  Acid. — Preparation  and  Properties. — Col- 
lection hy  Dhplacement. — Mlcaching  Powers. — Li€[- 
•uefactioii. — The  Stdphites. 

SULPHUK.  S=IG. 
TuE  sulphur  of  commerce  i«  derived  either  from  vo!- 
canio  regions  or  from  the  distillation  of  metallic  sulph- 
ides. Ii'on  pyrites  contains  54  per  cent,  of  sulphur,  con- 
taminated, however,  witB  arsenic.  It  also  exists  large- 
\y  in  the  sulphates  of  lime,  baryta,  etc.,  and  iu  many  or- 
iganie  substances. 
,  It  is  found  in  three  forms  in  commerce — roll  sulphur, 
fliowers  of  sulphur,  and  milk  of  sulphur.  The  first  re- 
ceives its  name  from  being  oast  into  cylindrical  moulds ; 
tli.o  second  is  derived  from  the  first  by  sublimation  ;  the 
l:hird  is  obtained  by  precipitation  from  the  tcrsulphido 
of  potassium  or  protosulphide  of  calcium  with  hydro- 
eVUoric  acid. 

.  Siilphnr  commonly  exists  as  a  solid  of  a  yellow  color, 
and  of  a  specific  gravity  of  1.99,  having  no  taste,  but  a 
peculiar  odor.  It  volatilizes  at  180°,  and  melts  at  226° 
into  a  yellow  liquid.  If  the  temperature  be  raised  to 
.'ibout  450°  it  changes  to  a  dark  brown  color,  and  be- 
comes so  viscid  th.at  the  vessel  may  be  turned  upside 

When  do  tlie  nitrntcs  deflagriwe ?  Under  Miint  foi'ins  iloes  sul- 
phur imtiirally  occur  ?  What  aro  its  commercial  forms?  Describe 
tliB  properties  of  sulphur. 

M 
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down  without  the  sulphur  flowing  out.  At  about  800° , 
if  out  of  contact  with  the  air,  it  boils,  producing  an  am- 
ber-eolored  vapor.  If  cooled  in  water  afterhaving  been 
melted  at  a  low  temperature,  it  eolidifies  into  ordinavy 
sulphur ;  but  if  heated  to  near  600°  and  then  suddenly 
cooled,  it  becomes  elastic  like  India-rubber,  and  may  be 
drawn  iuto  threads.  In  thja  state  it  may  be  used  for 
taking  oasts  of  coins,  etc.,  because  it  slowly  returns,  to 
the  hard  state.  Salphur  presents  six  different  allotroaic 
conditions,  in  the  form  of  black  sulphur  being  insoluiole 
in  bisulphide  of  carbon,  whicJi  dissolves  the  other  vari- 
eties. 

When  rubbed  on  flannel  it  becomes  highly  electrioalj 
assuming  the  negative  state.  It  was  formeiiy  used  fo-r 
electric^  machines,  before  the  powers  of  glass  were  dis- 
covered. A  roll  of  it  held  in  the  hand  crackles,  thei 
crystals  separating  from  one  another.  It  is  a  bad  con- 
ductor of  heat  and  electricity,  and  crystallizes  under  tw  o 
different  forms;  it  is  therefore  dimorphous.  One  ^nf 
the  forms  ia  an  acute  rhombic  octahedron,  the  other  a.n 
oblique  rhombic  prism.  When  heated  to  560°  in  the 
open  air  it  takes  fire,  burning  with  a  blue  flame,  and 
gives  ofi"  a  suffocating  odor,  that  of  sulphurous  acid  gas.. 
it  is  wholly  insoluble  in  water,  and  but  slightly  in  alco- 
hol, ether,  and  chloroform.  One  hundred  parts  of  h\- 
aolphide  of  carbon  will  dissolve  seventy  -  three  parts', 
when  warmed. 

The  vapor  of  sulphmrhas  the  high  specific  gravity  of 
6.64.  One  hundred  cubic  inches,  at  the  ordinary  tempey- 
attire  and  pressure,  would  theoretically  weigh  205.44 
gi'ains.  In  it  metallic  bodies  burn  like  in  oxygen  ga'S, 
Fig.u5.  If  a  gun-barrel  containing  a^ 

piece  of  sulphur,  and  closeiH 
jj  at  the  muzzle,  beheatedreS- 
■'  hot,  the  ignited  jet  of  scil- 
phur  vapor  issuing  from  the 
touch-hole  will  cause  abuncl> 
of  iron  wire  to  take  flre  anA 
iiitly,  Mff.  245.     A  very  important  applica- 

What  changes  occur  in  it  during  melting  ?  What  electrical  con- 
dition  iloea  it  asBume?  What  is  its  conducting  power?  Whj  la  it 
culled  dimorphous  ?  What  is  produced  by  its  combnstion  ?  What 
phenomenon  is  shown  by  its  ignited  Tapor  ? 
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'.dou,  in  tlie  arts,  of  sulphur,  is  made  in  the  process  call- 
ed vulcanization,  which  consists  in  dipping  India-ruhher 
in  melted  sulphur,  and  then  subjecting  it-to  a  tempera- 
ture of  about  300°.  The  rubber  retains  about  two  per 
■cent,  of  sulphur,  and  gains  the  property  of  resisting  itM 
.usual  solvents,  and  of  retaining  perfect  plasticity  and 
pliancy  through  a  range  of  many  degi-ees.  Silicate  of 
magnesia  is  often  mixed  with  the  rubber,  to  give  a 
smooth  surface.  The  sulphides  may  be  used  instead 
of'aulphur. 

Sulphur  has  a  very  great  range  of  affinities,  combining 
with  most  metallic  substances  in  several  different  pro- 
portions, with  hydrogen,  and  with  oxygen.  With  the 
fatter  it  furnishes  seven  compoanda : 

S0„    Sulphurous  Acid. 

SO,,  Sulphuric  Acid. 

SjOj,  HypOBulplinrouB  (jr  Uitliionons  Acid. 

•SiOj,  Hyposnlphnvic  or  Dilhionic  Acid. 

S,Ob,  Trithionic  Acid,  or  Acid  of  Langlols. 

S,Oi,  Totrathionic  Acid,  Of  Acid  of  Fordos  and  Gelis. 

StO„  Penlattiionic  Acid. 

Of  these,  the  first  three  are  the  most  important. 

ScLPHtTEOus  Acid.     S02=S2. 
This  acid  may  be  formed  by  burning  ssilphur  in  oxy- 
gen or  in  air ;  in  the  latter  case  the  gas  is  mixed  with 

nitrogen.  The  combustion  may  be  conducted  under  a 
l)ell-jar,  the  sulphur  being  placed  on  a  stand.  A  better 
process  is  to  partially  deoxidize  sulphuric  add  by  heat- 
ing it  with  mercury,  an  oxide  of  mercury  forming,  which 
is.  converted  into  a  sulphate  by  the  excess  of  sulphuric 
.'acid.  It  may  also  be  produced  by  the  action  of  snlphur- 
-ic  acid  on  charcoal,  copper  filings,  or  sulphur.  A  mix- 
t.ure  of  three  parts  ofblack  oxide  of  manganese  and  one 
of  sulphur  yields  it.  It  must  be  collected  either  over 
rciercury  or  by  displacement,  unless  a  solution  iu  water 
'IS  wanted. 

Sulphurous  acid  ia  usually  a  transparent  colorless  gas, 

of  a  sour  taste,  and  suffocating,  sulphurous  odor.    It  is 

Of  whnt  uso  13  Eulphur  in  the  avts  ?  What  ai-e  the  oxyi-en  eom- 
potinda  of  sulphur?  How  may  stilphnrona  acid  be  made?  What 
other  pi'ocesseB  are  there  for  its  manufactuii;  ?  What  are  the  prop- 
erties of  sulplmrous  acid  ? 
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entirely  irrespirable,  and  extinguishes  flame  at  once, be- 
ing for  tbis  reason  employecT  to  pnt  out  lires  in  cliim- 
neya,  a  handfifl  of  eulphuv  being  burat  at  the  bottom  of 
■     "  ■"  '"ic  gravity  is  2.3112;  one  hundred  ou- 

8.48  grains.  If  a  stream  of  it,  wbicb 
has  been  cooled  by  flowing 
from  tlie  generating  flask,  a, 
rifj.  248,  through  a  bent  tube, 
b  immersed  in  cold  water,  be 
ciit'ied  to  the  bottom  of  a 
_ii,c,  the  gas  will  displume 
I  the  atmospheric  air,  floating  it 
t  of  the  vessel.  This  pro- 
iS,  called  the  method  of  dia- 
pht.eineiit,  is  useful  iii  collecting  gases  soluble  in  water, 
A  ttper  put  m  a  jai  of  sulphurous  acid  g;^  is  extin- 
guished at  once  If  the  jai  bi  inverted  over  water,  th& 
gi9  rapidly  dissolves,  the  liquid  taking  up  about  fifty 
times  its  volume.  Alcohol  absorbs  115  volumes.  Veg- 
etable colors  submitted  to  it  are  bleached,  but  not  per- 
manently, as  ill  the  ease  of  chlorine,  where  the  coloring 
matter  is  destvoved,  its  hydrogen  going  to  form  hydro- 
chloric acid.  Tiie  colors  may  be  restored  by  an  acid  or 
alkali.  Sulphurous  acid  will  support  the  combustion  ol' 
potassium  or  sodium  vividly. 

This  acid  gas  very  readily  takes  the  liquid  form  if  it. 
be  cooled  by  a  freezing  mixture  to  14°.  It  has  then  s. 
specific  gravity  of  1.45,  and  evaporates  so  quickly  as  tc 
produce  a  very  intense  cold,  by  which  mercury  may  be 
frozen,  or  water  congealed  in  a  red-hot  capsule.  Sul- 
phurous acid  sufiers  no  change  at  a  red  heat  unless  hy- 
drogen bo  present,  when  watei-  is  formed  and  sulphur- 
deposited.  Oxygen,  in  presence  of  water,  slowly  turn-'J 
it  into  sulphuric  acid. 

Sulphurous  acid  forms  with  bases  a  series  of  salts-  — 
the  sulphites.  They  are  easily  decomposed  by  chlorin  e, 
nitric  acid,  and  other  oxidizing  agents,  passing  into  the. 
condition  of  sulphates;  they  can  also  reduce  the  metal- 
lie  oxides. 

What  is  tha  mctliod  of  displacement?  What  is  its  solubility? 
Hon  does  its  bleaching  power  compnro  with  that  of  chlorine?  How 
may  it  be  condensed?  What  ai-e  the  properties  of  this  liquid? 
What  salts  does  sulphurous  acid  form  ? 
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LECTURE  XLIX. 

Compounds  op  Suiphue  aud  Oxtgek. 

Sulphuric  Acid. — AnJiy^'oiis  Bulphurio  Acid. — Its 

Properties. — Kordkausen  Oil  ofvitHol. — Its  pT&pa- 

vaiion  and  Constitution. —  Gommon  Sulphuric  Acid. 

— Method  of  IVqiaration. — I'rop&ties. — Impurities. 

—Testa  for. 
Hyposidpnurous  Acid. — Hyposulphite  of  Soda. 
SuLPHUEic  Acid.     30^—40. 

This  compound  is  the  most  important  of  ail  acitls. 
■By  its  aid  nitric,  bydrooliloric,  and  many  other  acids  are 
prepared.  It  is  also  largely  conaumed  in  the  prepara- 
tion of  cai'bonate  of  soda  from  sea-salt,  and  of  chloride 
of  lime. 

There  are  several  varieties  of  sulphuric  acid,  differing 
from  one  another  in  the  amount  of  water  that  they  con- 
tain, let.  There  is  anhydrous  sulphuric  acid,  or  sul- 
phuric anhydride  {SO3),  which  is  prepared  by  heating 
Nordhausen  oil  of  vitriol  to  290°,  when  a  white  crystal- 
line substance  like  asbestos  distills  over.  It  fumes  in  the 
air,  melts  at  66°,  and  boils  at  110°.  It  has  an  intense  af- 
finity for  water,  hissing  like  a  hot  iron  ■when  placed  in 
it.  The  acid  properties  of  this  substance  are  very  alight ; 
it  shows  but  little  tendency  for  combination,  and  does 
not  form  true  sulphates. 

2d.  Saxon  or  Nordhausen  oil  of  vitriol,  SO^-i-SO^, 
mo,  is  prepared  by  distilling  protosulphate  of  iron  (green 
vitriol)  which  has  been  exposed  to  a  heat  sufficient  to 
remove  its  seven  atoms  of  water.  If  this  dry  powder 
'60  placed  in  a  retort  and  exposed  to  a  high  temperature, 
t'iiere  distills  over  an  oily  liquid,  hence  called  oil  of  vit- 
'liol.  It  is  a  dihydrate — that  is,  contdns  two  atoms  of 
acid  and  one  of  water.  It  completely  dissolves  sulphate 
of  indigo. 

3d.  Common  sulphuric  acid,  SO3,  HO,  called  commer- 

Wliat  is  the  formuln  of  sulphuric  HOid  ?  Whnt  varieties  of  Eul- 
pliurio  acid  are  there  f  How  ia  the  anhydronB  acid  mnde  ?  What 
ia  the  process  for  maMng  Nordhanaen  oil  of  ritriol  P  Whnt  is  its 
composition  ?    How  is  commercial  Balpharic  odd  made  7 
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cially  oil  of  vitriol.  It  is  made  by  buiiiing  Bulphur  or 
pyrites  in  a  regulated  current  of  air,  and  conducting  tlie 
sulphurous  acid  into  chambers  lined  with  lead,into  ■whicb 
Bteam  and  nitrous  acid,  produced  from  the  action  of  Bul  - 
phuric  acid  on  nitre,  are  admitted.  The  sulphurous  acid 
takes  oxygen  from  the  nitrous  acid,  reducing  it  to  deut- 
oxide  of  nitrogen ;  bi^t  that,  in  turn,  takes  oxygen  from 
the  atmospheric  air  that  is  present,  and  becomes  ags-ia 
nitrons  acid.  The  dentoxide  acts  as  an  oxygen  carriRr. 
The  bottom  of  tlie  chamber,  being  covered  ivith  water, 
becomes  gradually  saturated  with  sulphuric  acid,-ivhien 
it  is  drawn  off  and  concentrated  in  leaden  and  then  pla- 
tinum boilers.  Its  specific  gravity  is  eventually  1.845,. 
It  is  a  dense  oily  liquid,  freezing  at  —80°,  and  boiling 
at  650°.  Sulphuric  acid  of  a  specific  gravity  1.18  freezes 
at  40°  in  large  crystals. 

The  afiinity  of  sulphuric  acid  for  ivater  is  very  intense. 
jY„  247     If  a  tube,  f>,  containing  sulphuric  ether,  be  stjr- 

fied  in  a  glass,  a,  Mg.  247,  in  which  a  mixture 
of  sulphuric  acid  3  parts,  and  water  1  part,  has 
been  made,  the  temperature  will  rise  to  300°, 
and  the  ether  boil.  On  the  same  principle,  it 
ia  useful  for  removing  water  from  gases,  and, 
as  is  shown  in  Lecture  XII.,  that  liquid  may  br; 
frozen  on  account  of  the  rapidity  with  which  sulphuric 
acid  absorbs  its  vapor.  Organic  substances  are  charred. 
by  the  action  of  this  acid,  which  removes  the  constitu- 
ent water,  and  sets  the  carbon  free. 

Sulphuric  acid  is  not  found  pi'"e  in  commerce,  con- 
taining sulphate  of  lead,  derived  from  the  lining  of  th-a 
chambers  in  which  it  is  made,  and  frequently  arsenicv 
selenium,  tin,  aud  nitrous  acid.  The  dark  color  it  pre- 
sents is  due  to  carbonaceous  matter.  The  acid  is  tested, 
for  by  chlor-ide  of  barium  or  nitrate  of  baryta,  the  white 
sulphate  of  baiyta  being  insoluble  in  water  or  acids.  Ft 
reddens  black  woolen  materials,  but  the  stain  is  removeii^ 
by  ammonia. 

In  addition'to  the  above  hydrates  of  sulphuric  acid, 
there  are  two  others : 

4.  Bihydrate,     S0„  2H0,  boils  at  435°',  epecific  era^■ity  1.78. 

B.  Terhydrate,  SOj,  8//0,        "    848%       "  "       1.63. 

What  are  Iho  properties  of  sulphuric  acid?  How  may. its  affinity 
foe  water  be  shown?  What  are  its  usual  impurities?  How  is  it 
detected? 
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IIyposuIjPhukous  Acid.     /S^Oj. 
This  acid  is  only  known  in  the  combined  state.    On 
^attempting  to  separate  it  from  its  salts,  it  decomposes 
5nto  sulphur  aud  suJphurons  acid, 

The  hyposulphite  of  soda  is  of  ^reat  use  ia  photographic 
operations,  fi-om  its  power  of  dissolving  the  compounds 
of  silver.  If  any  trace  of  the  salt  is  left  in  a  paper  proof, 
it  will  eventually  cause  it  to  become  yellow  and  fade 
away. 

T)ie  other  compounds  of  sulphni'  and  oxygen  possess 
but  little  interest, 


LECTURE  L. 
Sulphur  and  Phosphokus. — Sulphureted  Hydivgen. 
— Pr^Htration  and  I*roperties. — Uses  as  a  Test. — 
Sttlphter  Waters. — Persu^/iide  of  Myikogm,. 


2rth. — Pro})&rtie3. — 
Phosphorus. —  Oompotmds  with  C 

SULPHUEETED  HyDEOGEN.      IIS=1 

This  gas  may  be  prepared  by  tiie  action 
of  hydrochloric  acid  on  sulphide  of  anti- 
mony, in  the  apparatus  I'^ff.  2i&,  or  of  di- 
late sulpbm'io  acid  on  sulphide  of  iron.  It 
must  be  collected  over  eitlier  warm  or  salt 
water.  If  made  by  sulphide  of  iron,  the 
.action  is  as  follows  : 

_  MS^SO^,  M0=M8-i-n0,  SO,. 
Xt  ia  called  also  bydrosulphuric  aoid  and 
eulphydric  acid. 

Sulpbnreted  hydrogen  is  a  colorless  gas,  having  a 
fetid  odor  like  rotten  eggs.  It  is  so  diffusible  that  a 
very  small  quantity  will  taint  the  air  of  a  large  room. 
It  is  absorbed  by  water,  that  fluid  taking  up  three  times 
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its  volume  at  60°.    In  this  fonn  it  is  I'apidly  decomposed' 
by  the  contact  of  air,  the  hydrogen  fovmiiig  water  with 
Fi.j.Mi.  the  oxygen,  and  the  sul- 

phur depositing.  Theepe- 
cifie  gravity  of  Bulphureted' 
hydrogen  gaa  is  l.lYiT; 
one  hundred  cuhic  inches 
weigh  36.38  gr^ns.  It  is 
inflammable,  and  may  be 
burnt  from  a  jet,  as  in  J^^, 
249.  If  the  access  of  »ir 
is  unlimited,  sulpharous 
acid  and  water  arise;  it' 
limited,  water  is  prodnoed 
and  sulphur  deposited.  It 
reddens  litmus  slightly^ 
iind  combines  with  raet- 
nis  to  fonn  snlphicles.  For 
this  latter  reason  it  ia  very 
valuable  in  analytical  op- 
erations, many  of  the  sul- 
phides being  insoluble  and, 
___  highly  colored :  nntimo- 
=^^^^E  ny  gives  an  orange  pre- 
cipitate, arsenic  a  yellow, 
le.id  a  brown,  manganese 
a  flesh  culm  ed  It  tarnishes  silver,  the  metal  passing' 
thiough  \iimus  =hades  of  yellow  and  orange  to  black- 
ness It  IS  liquefied  by  a  pressure  of  17  atmospheres 
at  50°,  the  specific  gravity  being  0.9.  When  cooled  to 
—123°  it  solidifies  into  a  white  substance. 

The  action  of  sulphurated  hydrogen  is  illustrated  by 
^vriting  on  a  sheet  of  paper  with  a  solution  of  acetate^ 
of  lead.  The  letters  are  invisible  rmtil  exposed  to  a  cur- 
rent of  the  gas,  when  they  become  black, 

Sulphureted  hydrogen  is  a  natural  constitnent  of  somcj 
mineral  waters,  as  at  Sharon,  in  New  York,  and  at  the 
Virginia  Sulphur  Springs.  It  is  also  found  in  the  air  of 
S  and  in  putrefying  animal  matter,  and  has  been 
1  to  be  the  cause  of  miasmatic  fevers.     It  is 

What  is  its  solubility  ?  WliM  fu'ises  from  its  combustion?  "Wlist 
precipitates  does  it  givo  with  metallic  osidea  ?  At  wliat  points  does 
it  liquefy  and  solidify  ?    Does  it  exist  naturally  ? 
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very  poisonous  when  respired,  even  wlieii  dilute,  causing 
nausea,  headache,  aad  faintuess. 

There  is  another  compound  of  sulphur  and  hydrogen, 
the  persulphide  of  hydrogen,  the  composition  of  whicli 
is  supposed  to  be  HS^.  It  is  a  heavy  yellow  liquid,  of 
a  specific  gravity  1.V6. 

Selenium.  5e=40. 
This  aubsta^jce  is  found  in  certain  varieties  of  iron 
Piyi'ites.  It  resembles  sulphur  in  many  respects,  aud  has 
!■„  reddish-brown  color  and  dim  metallic  histre.  It  tioges 
flame  of  a  light  blue  color,  and  gives  oft'  an  offensive 
odor.     With  oxygen  it  forme  thvee  corapoiinda ; 

SeO,   Oxide  of  Selenium. 

SeO^,  SelenioQS  Acid. 

SeOs,  Selenic  Acid. 
With  hydrogen  it  unites  to  form  seleniuueted  hydrogen. 

Phosphokus.     P=Z2. 

This  substance,  so  named  from  shining  in  the  dark, 
was  discovered  in  1669  by  Brandt.  It  is  now  produced 
/rom  phosphate  of  lime  or  bone-earth,  but  is  also  found 
•^n  other  animal  matters,  more  particularly  in  the  brain 
and  nervous  tissue. 

The  process  for  production  is  to  burn  the  bones,  grind 
them,  and  digest  them  in  dilute  sulphuric  acid  for  six 
hours,  steam  being  passed  into  the  mixture  to  hasten 
the  changes.  The  liquid  is  then  strained,  evaporated  to 
dryness,  fused,  and  mixed  ivith  one  fourth  of  its  weight 
of  charcoal.  It  must  then  be  distilled  at  a  white  heat 
in  a  stone-ware  retort,  the  neck  of  which  dips  beneath 
warm  water.  A  part  of  the  phosphoric  acid  is  deox- 
idized by  the  charcoal,  carbonic  oxide  escaping  and 
phosphorus  coming  over.  It  is  purified  by  mdting  and 
straining  through  chamois  leather.  In  Great  Britain 
about  six  tons  are  annually  used  in  the  manufacture  of 
matches,  one  poimd  making  600,000  matches. 

Phosphorus  is  tasteless,  transparent,  and  colorless. 

What  are  ila  relations  to  respiration?  TVhnt  other  compound  of 
sulplmr  and  iiydroE^ii  is  tiiere  ?  Deacrilie  selenium.  Prom  what  13 
phosphorna  deilred  ?  Describe  the  process  for  its  production.  To 
what  use  is  phosplioras  applied  in  the  arts?    What  are  its  proper- 
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Exposed  to  light  it  tnrra  red,  even  in  a  vacuum,  owing 
to  undergoing  a  molecular  change.  In  general  appear- 
ance it  resembles  wax.  In  the  air  it  slowly  oxidizes, 
smoking,  and  exhaling  an  electrical  odor.  At  32°  it  is- 
brittle;  at  110°  it  melts;  at  5'70°  it  boils  in  close  ves- 
sels. In  the  ^r  it  takes  fire  at  120°,  burning  with  the 
evolution  of  anhydrous  phosphoric  acid.  Its  specific 
gravity  ia  1.826.  Phosphorus  is  so  poisonous  that  a 
few  grains  will  destroy  life,  and  those  engaged  in  the 
manufactare  of  matohes  frequently  suffer  from  necrotiis 
of  the  lower  jaw-bone. 

Phosphorus  requires  to  be  kept  under  water  in  order 
to  avoid  oxidation,  and  must  also  be  handled  carefully.. 
A  few  pieces  placed  between  brown  paper  and  rubbed 
take  fire,  and  it  will  also  inflame  if  sprinkled  with  lamp- 
black or  powdered  animal  charcoal.  Placed  on  dry 
wood,  flannel,  feathers,  or  other  non-conducting  sub- 
stances, it  will  ignite,  if  in  thin  slices.  In  chlorine,  o'l 
the  vapor  of  bromine  or  iodine,  it  bums  spontaneously. 
If  phosphoras  is  suddenly  cooled  from  the  fased. con- 
dition it  undergoes  a  change,  becoming  passive.  This 
allolropie  modffication  may  also  be  produced  by  distill- 
ing it  m  an  atmosphere  of  nitrogen  or  carbonic  acid'., 
For  the  purposes  of  commerce  it  is  prepared  byfeeeping- 
phosphorus  heated  to  450°  for  three  or  four  weeks  In 
an  air-tight  iron  vessel.  It  may  then,  present  a  black., 
gray,  or  scarlet  color,  and  will  not  take  Are  under  a 
temperature  of  500°.  It  is  insoluble  in  bisulphide  of 
carbon,  does  not  shine  in  the  dark,  shows  no  disposition 
to  unite  with  sulphur,  and  will  not  oxidize  in  the  air. 
Phosphorus  and  oxygen  form  four  compounds : 

P,0,  Oxide  of  Phosphorus. 

PO,   Hypophosphorons  Acid. 

POj,  Phosphorous  Acid. 

-POs,  Phosphoric  Acid. 

Is  phosphoras  ]Kjisonous?  Give  examples  of  its  eoiiihtistibilitj. 
How  may  passive  phoepbortis  bo  made?  Hon-  manj  compounds  of 
phosphorus  and  oxygeu  are  tliere  ? 
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LECTUKE  LI. 

COMPOTTNDS     OF    PeOSPHOEfS    AND     OxYGBN.  —  Oxid^ 

of  Phosphorus,  Preparation  of. — Ili/pophomhorous 
■■and  Pho^horous  Acids, — Phosph&rio  Acm.—^Prq)- 
m'otion.  —  Compounds  with  Water.  —  Prcperiies  of 
these  Acids  and  their  Salts.— Phosphureted  Sydro- 
gert. — Three  Compounds  of  Phosphorus  and  Oxy- 
gen. — Spontaneous  Ii-^ffammaMKty  of  Phosphijreted 
Sydi-ogen.  —  Chlorine.  ■ — ■  Mcist&ice  in  JVature.  — 
Preparation. — Liquefaction. — Relations  to  Combus- 
tion and  Hespiration. 

Oxide  op  Phosphorus.    P^O. 
"When  phosphorus  is  burned  in  air,  the  reel  residue 
is.  this  body.     It  may  be  formed  in  quan-  Pig.2tiD. 

tity  by  passing  a  stream  of  oxygen  from 
the  tube  a.  Fig,  250,  upon  phosphorus 
under  hot  water  in  a  glass,  o.  A  brill- 
iant combustion  takes  place,  phosphoric 
rtcid  and  the  oxide  reanlting.  The  for-  = 
raer  is  dissolved  by  the  water,  and  the 
-latter,  when  washed  with  bisulphide  of 
•earbou,  is  left  in  a  state  of  purity. 

Htpophosphokous  Acid,  PO, 
is  prepared  by  acting  on  phosphide  of  barium  with  wa- 
*„er,  and  treating  the  solution  with  sulphnvic  acid  as 
Jong  as  any  precipitate  falls.  It  is  a  powerfnl  deoxidia- 
?'.ng  agent.  Some  of  the  liypophosphites  are  useful  in 
ri^iediciue. 

PiiosPHOKOus  AdD,  -POj, 

is  formed  by  the  combustion  of  phosphorus  in  a  limited 
amount  of  dry  air.  It  is  then  seen  as  a  dry  white  pow- 
der. It  may  be  obtained  in  solution  by  setting  a  num- 
ber o/  sticks  of  phosphorus,  inclosed  in  glass  tubes, 
around  a  funnel  placed  in  the  neck  of  a  bottle.  It  has 
How  is  oxide  of  phoephocua  made?  How  are  liypophosphoroua 
nntl  phosphorous  acida  made  ? 
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powei'ful  deoxidizing  properties,  talcing  the  oxygen  from 
sulpburio  acid,  and  causing  it  to  depoeit  sulpliur. 

Piiospuorac  Acid.    PO^. 
Tlie  anhydrous  form  originates  when  phosphorus  is 
B-7. 261,         burned  in  dry  air  or  oxygen,  J^^.  251. 
It   condenses  in   white    snowy  flates, 
which  hiaa  like  hot  metal  when  dipped 
in  water.    It  may  be  made  by  the  action 
of  nitric  acid  on  phosphorus.    It  is  vei'y 
deliqaescent,  and  scarcely  shows  any  aciVl 
properties  before  uniting  with  water.    It 
maybe  detected  by  its  yellow  precipitate 
with  mol  jbdate  of  ammonia. 
^)horie  acid  unites  with  water  in  three  propor- 
tions, producing 

MonobaaioPhospliovic  Acid  .  .  .  PO^,    IIO 
Bibasle  "  "...  POs,  2H0 

Ti'ibasie  "  "...  P0„  3H0 

Tliese  also  have  been  called  metaphosphoric,  pyro- 
phosphoric,  and  common  phosphoric  acids. 

The  first,  the  protohydrate  of  phosphoric  acid,  is  pro- 
duced when  any  of  the  watery  solutions  of  phosphoric 
acid  are  evaporated  to  dryness,  a  body  called  glaciaV. 
phosphoric  acid  resulting.  It  gives  a  white  granular 
precipitate  with  nitrate  of  silver,  and  coagulates  albu- 
men. Its  salts  contain  one  atom  of  base  to  one  of  acid. 
By  boiling  witb  water  it  goes  into  the  tribasic  form. 

The  second,  the  bihydrate  of  phosphoric  acid,  can  be 
made  by  beating  common  phosphoric  acid  to  417°  for 
some  time.  It  neither  precipitates  silver  nor  coaguJatesi 
albumen,  though  its  salts  yield  with  silver  a  flaky  pre- 
cipitate. It  also  turns  to  tribasic  acid  by  boiling  with' 
water. 

The  tbird,  the  terbydrate  of  phosphoric  acid,  may  bo- 
obtained  fi'om  phosphate  of  lime  by  the  action  of  siil- 
phurio  acid,  sulphate  of  lime  being  formed,  or  by  boil- 
ing anhydrous  phosphoric  acid  in  water.  It  neither 
precipitates  silver  nor  coagulates  albumen,  but  its  salts 
give  canary-yellow  precipitates  with  nitrate  of  silver, 

inhjdrous  phosphoric  acid  ninde?     What  e 

witlnTHtot?    Hov  ■    ■" ■-'-'-■    .... 

ore  tile  bihjdrate  and  terb^dra 
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These  hydrogen  acids  of  phosphoras  give  riae  to  a 
very  complex  series  of  salts,  according  to  the  extent  to 
which  the  hydrogen  is  replaced  by  metallic  bodies. 
The  naonobf^ic  acid  can  only  yield  one  class  of  salts,  in 
which  all  its  hydrogen  is  replaced  by  a  metal;  but  the 
bibasic  can  yield  two  series,  according  as  the  metal  re- 
places one  or  both  atoms  of  base ;  the  tribasic  can  yield 
tliree  series,  according  as  one,  or  two,  or  three  of  the 
hydrogen  atoms  are  displaced. 

PllOSPHUBETED  HyDEOGBN.      1^11^=35. 

Phosphorus  forms  three  compounds  with  hydrogen : 
a  gas,  I>JT, ;  a  liquid,  _PH;  ;  and  a  mM,I>^H:  The  first 
is  best  known,  and  is  made  by  boiling  phosphorus  in  a 
strong  solution  of  potassa  in  a  retort, ^^.232, the  neck 


ot  which  dips  beneath  tho  smfece  of  vitci  As  tie 
bubbles  ot  gas  brenk  on  the  watei  thej  t  1  o  fiie  bnin 
lUj,  mth  1  blight  jellow  Ii^ht  -ind  theie  ^scenl8 
through  the  an  i  iing  of  smol  e  which  ddates  as  it 
uses  and  exhibits  i  lotating  motion  m  its  parts  The 
jjas  may  alio  be  made  by  putting  phosphui  et  of  calcinm 
m  water. 

Phosphureted  hydrogen  is  a  colorless  gas,  having  a 
smell  like  garlic  or  putrid  fish.  Watei  takes  up  one 
eighth  its  volume.  The  spontaneous  combuhtibiht\ 
results  from  an  admixture  of  the  vapoi  of  the  Jiqmd 
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phosphuret ;  phosphoric  acid  and  water  arise.    Its  fipe- 
cific  gravity  is  1.185. 

Phospborna  forms  also  compounds  with  nitrogen, 
chlorine,  bromine,  iodine,  and  sulphur. 

Ohloeine.      Cl=S5.5. 

Chlorine  was  discovered  by  Scheele  in  1TY4,  and  was 
originally  called  oxymuriatic  acid.  It  derives  its  name 
from  its  greenish  color.  It  is  not  found  free  in  nature, 
but  exists  iu  abundance  in  common  salt,  the  tiiiloi'ide  of 
sodium,  a  material  which  gives  saliuity  to  the  ocean. 

Chlorine  may  be  obtained  by  the  action  of  eulphurio 
acid  on  common  salt  and  black  oxide  of  manganese, 
or  better  by  heating  a  mixture  of  hydrochloric  acid  and 
black  oxide  of  macganese.  The  action  in  the  iatter  case 
is  as  follows : 

M7iO^+2HCl=MnCl-\-2S:0+  CI. 
One  atom  of  peroxide  of  manganese  and  two  of  hydro- 
chloric acid  give  one  atom  of  chloride  of  manganese, 
two  of  water,  and  one  of  chlorine.     Half  the  chlorine  is 
given  off  as  gas,  and  half  remains  in  combination. 

The  apparatus  for  its  production  is  seen  in  Fiff.  253., 

Fig.  2E3. 


■where  a  is  the  retort,  with  the  generating  materials, 
connected  with  a  small  receiver,  b,  to  retain  part  of  the 
water  which  the  gas  may  bring  over;  this,  again,  ia 
connected  with  a  chloride  of  calcium  tube,  c,  which  ef- 
Whon  was  cUorine  iJiscovered  ?  In  what  substances  does  it  oc- 
cur? How  may  it  be  formeii?  Describn  (he  apparatus  for  its  pro- 
duction. 
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fects  the  perfect  ^ijing  of  the  gas.  As  chlorine  is  very 
soluble  in  cold  water  and  acts  on  mercury,  it  can  nei- 
ther be  collected  at  the  pneumatic  nor  mercurial  trough. 
It  may,  however,  be  gathered  over  -warm  water,  or  a 
saturated  solution  of  common  salt,  or  by  displacement. 

Chlorine  is  a  greenish-yellow  gas  that  may  be  lique- 
fied by  a  pressure  of  four  atmoepberefi,  ov  by  cooling  to 
—106° ;  it  has  not  been  solidified.  It  forms  with  water 
a  cryst^ine  hydrate,  having  the  composition  Cl+loSO. 
On  inclosing  these  crystals  iu  a  bent  tube  and  heating 
t^em,  the  resulting  chlorine  will  be  liquefied  by  its  own 
pressnre. 

A  taper  immersed  in  chlorine  burns  for  a  short  time, 
emitting  volumes  of  black  smoke,  Jfiff.  254,      pi^,«sL 
which  are  due  to  the  fact  that  the  hydrogen    ^ 
of  tho  fatty  compound  is  alone  uniting  with        ^ 
tho  gas  to  produce  hydrochloric  acid,  while       ^^ 
the  carbon,  which  has  but  slight  affinity  for    j&L\^ 
chlorine,  is  set  free.     Powdered  antimony  or  isTTm 
brass  leaf  immersed  in  this  gas  becomes  in-  ItvdII 
candescent,  and  consumes,  a  chloride  result-   \^# 
;ng.    Phosphorus  takes  fire  in  it  at  ordinary     *=-*^ 
temperatures,  and  burns  with  a  pale  flame.    The  odor 
of  chlorine  is  pungent,  and,  oven  when  dilute,  imtating 
to  the  mucous  membrane  of  the  air  passages,  producing 
a  hoarseness  which  may  last  several  days.     Mixed  with 
aqueous  vapor  and  very  much  weakened,  it  is  said  to  bo 
of  advantage  in  pulmonary  complaints. 

What  are  its  properties?  What  is  its  action  on  a  burning  lapor  ? 
How  does  it  act  on  certnin  metsls  and  phosphorus  ?  What  is  ifs 
lefiect  on  the  animal  sjsiem  ?  Which  is  the  moat  valuable  properly 
of  chlorine  ? 
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LECTURE  Lir. 


CiiLOEiNE,  cONTiNUJiD.  —  BleaoMng  muJ  Disinfecthiff 
Potiers.  —  Combustion  of  Hyc^-ocarbons.  —  Tests  for 
Chlorine.  —  Chlorine  Water. —  Oxygen  Compounds. 
— Si/pochloroits,  Chlorous,  MypochloHo,  C/dorie,  and 
Perehlorie  Acids. — Bleaching  with  Chloride  ofldme. 
—  Chloride  of  N'itj'ogen  an,  ea^losive  Compound. — 
Sydroahloi-ic  Add.  —  Preparation  in  the  Gaseous 
and  Liquid  Conditions. 

The  bleaching  properties  of  chlorine  render  it  of  the 
greatest  vaine  in  the  arts.    Previous  to  its  introduction, 
woven  fabrics,  for  example,  were  bleached  by  exposnre 
to  the  ffunsliiiio  and  moisture,  a  process  demanding  a 
length  of  time  and  a  large  open  space.     The  same  oper- 
ation can  now  be  performed  in  a  few  hours  in  a  coo- 
2„   fined  apartment.     This  jjroperty  may  be  illua- 
'™      trated  by  pourin"  a  solution  of  litmus  or  indigo 
u;**    through  a  faiineT,  a,  into  a  flask,  6,  containing; 
ll       chlorine,  Mg.  255.     The  decoloration  tabes  placf) 
J^h  ^*  owe.     A  solution  of  chlorine  in  water  may 
i  i\    also  be  used.  Chlorine  is  employed  by  physicianei 
^kM    for  disinfecting  the  air  of  foul  rooms,  as  those  in 
which  hospital  gangrene  has  been  prevalent. 
Such  effluvia  contain  hydrogen,  which  unites  with  the 
chlorine,  and  the  noxious   compound  is   decomposed. 
Some  have  supposed  these  properties  to  be  due  to  tho 
evolution  of  nascent  oxygen.-    It  shoukl  be  disengagecA 
P^  25fl    slowly,  if  patients  are  in  the  room,  by  the  ac- 

ttion  of  dilute  sulphuric  acid  on  chloride  of  lime-. 
The  peculiarities  of  chlorine  as  a  supporter  of 
combustion  are  well  seen  when  a  piece  of  blot- 
ting-paper, Mg.  256,  saturated  with  turpentine, 
is  placed  in  ajar  of  the  gas.    It  taltes  fire  with 
the  evolution  of  clouds  of  carbon  emoke.    This 
l^henomenon  depends  on  the  intense   affinity 
that  chlorine  has  for  the  electro-positive  bod- 
Whnt  is  the  most  valnable  propertv  of  chlorine  ?     How  may  it  be 
illusti-ated ?    How  does  it  act  on  efHuviii?    What  is  (ha  cause  of 
the  smnlie  when  hydracnvbons  are  iiiii'ned  in  elilorinc  ? 
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ties,  though  it  unites  -vyitli  carbon  with  i-eluctance.  A 
gi-een  wax  taper,  tbe  wick  of  which  carfies  a  spark, 
will  rekindle  in  chlorine,  and  continue  to  burn. 

Free  chlorine  may  he  detected  by  its  smell,  its 
bleaching  action  on  vegetable  compounds,  and  its  white 
curdy  precipitate  with  nitrate  of  silvei-.  This  compound 
chloride  of  silver,  which  changes  to  a  dark  color  in  the 
h'ght,  is  used  for  the  production  of  photographs  on  pa- 
per, very  large  quantities  being  consumed  in  that  appli- 
cation. Chlorine  water  is  made  by  agitating  water  in 
i^  bottle  of  chlorine,  the  mouth  of  the  bottle  from  time  to 
times  being  opened  under  water.  •This  solution  decom- 

Eoses  in  the  sunshine,  oxygen  gas  being  liberated  and 
ydrochlorio  acid  formed  by_  the  decomposition  of  the 
Hvater.    The  specific  gi'avity  of  olilorine  is  2.487,  and 
100  cubic  inches  weigh  77.04  grains. 
Chlorine  unites  with  oxygen,  prodneing 
do,   Hjpochlorous  Acid. 
C!0^  ChlorouB  Acid. 

C10„  Peroxide  of  Chlorine,  Hypoclilorlc  Acid. 
ao^  CMoric  Acid. 
aO„  Perchloric  Acid. 

IIypochlohous  Agio.     OlO=i3.5. 

This  acid  is  often  obtained  by  acting  on  the  red  ox- 
ide of  mercury,  suspended  in  water,  with  chlorine.  The 
gaseous  acid  is  procured  by  placing  the  aqueous  solution 
in  a  tnbe  inverted  over  mercury,  and  passing  dry  ni- 
trate of  lime  into  it.  It  is  deeper-colored  than  chlorine, 
ii  more  powei-fnl  bleaching  agent,  and  oxidizes  vigor- 
ously. The  warmth  of  the  hand  causes  it  to  explode, 
as  does  also  the  direct  sunshine.  Water  dissolves  200 
times  its  volume  of  this  gas.  The  specific  gravity  is 
3.04,  and  100  cubic  inches  weigh  04.16  grains. 

The  most  common  bleaching  compound  is  the  chlor- 
ide or  liy]:iochlorite  of  lime.  The  composition  seems  to 
be  OaO,  010  + Ca  01.  The  articles  to  be  bleached  are 
saturated  with  an  aqueous  solution  of  this  substance, 
and  then  washed  in  dilute  salphuric  acid.    The  quan- 

How  may  chlorine  tie  detected  ?  How  may  chlorine  water  be 
made,  tind  what  ore  its  properties?  Name  the  oxygen  com j>ounds 
of  chloiine.  How  is  ^ypochlorou3  acid  made,  and  what  are  its 
properties?    "What  is  the  constitution  of  bleaehiiig  powder? 
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tity  of  chlorine  in  chloride  of  lime  Is  determined  by  the: 
process  callefl  chlorimctry.  The  best  method  is  to  as- 
certain how  niueh  arsenious  aiid,  As  0^,  uan  be  raised 
to  the  state  of  arsenic  acid,  ^sO^,  by  a  weighed  quan-. 
tity  of  the  ehloride  of  lime. 

Chlokous  Acid.     010^=59.5. 
This  gaa  is  of  a  greenish  color,  and  may  be  made  by- 
mixing  arsenious  acid  with  chlorate  of  potaasa  and  di- 
luted nitric  acid,  and  distilling  in  a  water-bath.    Wati?r 
dissolves  six  times  its  volume.     It  explodes  at  130°. 

Pehoxide  OS-  Chlorine,  CT0^=67.5, 
is  made  by  acting  on  chlorate  of  potassa  with  concen- 
trated sulphuric  acid  at  i.  temperature  not  exceedioj;'; 
x..„  ^M  100°.  It  is  a  yellow  gas,  exploding  at  140°^ 
and  soluble  in  water  to  the  extent  of  20  vol- 
umes. If  into  a  glass,  a,Mg.  257,  contain- 
^^  ing  water,  some  crystals  of  chlorate  of  potas- 
^  sa  and  fragments  of  ])hosphoru3  are  placed^ 
and  sulphuric  acid  is  poured  upon  them 
through  a  long  funnel,  b,  chlorous  acid  is 
liberated,  and  a  brilliant  combustion  under  water  en- 
sues, the  water  becoming  yellow.  The  gas  may  be 
readily  liquefied ;  its  specific  gi-avity  is  2.33, 

Chloeic  Acid.  ClO^=.'75.5. 
This  acid,  which  only  exists  in  combination  with  one 
atom  of  water,  is  made  by  decomposing  the  chlorate 
of  baryta  by  sulphuric  acid,  which  must  not  be  added 
in  excess.  This  solution  is  to  be  evaporated  in  vacuo^ 
when  a  sour,  yellowish,  eirupy  liquid  is  produced.  It; 
sets  on  fire  substances  containing  carbon  and  hydrogen, 
and  has  the  bleaching  power.  One  of  the  salts,  the 
chlorate  of  potassa,  is  of  use  in  chemistry  on  account, 
of  the  facility  with  which  it  yields  up  oxygen.  A  few 
grains  of  this  salt  grotind  in  a  mortar  with  aiilphur  ex- 
plode violently,  when  mixed  with  sugar,  it  la  in- 
flamed by  a  drop  of  sulphuric  acid. 

What  is  diloiimetry  ?  How  is  chlorous  acid  made  7  How  is 
peroxide  of  clilorino  made  ?  In  what  manner  may  phosphoros  lie 
burned  under  water  ?  How  is  chloric  neid  made  ?  What  are  the 
properties  of  chloric  ncid  f 
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Peecoloeic  Agit),C10-,—91  .5, 
j'-s  obtained  by  distilling  percblorate  of  potassa  with  its 
o  wn.  weight  of  ealphuric  acid,  mixed  with  one  quarter 
■iis  mnoh  water.  At  280°  a  dense  white  vapor  passes 
over.  It  is  a  colorless,  oily,  con-osive  liquid,  exploding 
like  chloride  of  nitrogen  on  contact  with  combustible 
substances,  such  as  charcoal,  ether,  etc.  It  fumes  in  the 
aii",  and  can  not  be  kept,  even  in  the  dark,  without  ex- 
ploding. 

Chloeine  and  Nitrogeit.  IfCl^  or  J^Cl^. 
This  compound,  one  of  the  most  explosive  at  present 
known,  is  formed  when  a  solution  of  sal  ammoniac  is  ex- 
posed to  chlorine.  A  leaden  basin  should  be  placed  un- 
der the  jar  to  collect  the  oily  liquid.  Dalong  lost  an 
eye,  aod  Davy  was  severely  wounded  by  the  explosions 
of  this  substance.  Its  specific  gravity  is  1.65,  and  it  may 
be  distilled  at  a  temperature  of  160°.  The  contact  of 
oily  matter  causes  a  detonation. 

Chlorine  and  Hydrogen. 
IIydeochloeic  Acid.  JICl=S6.5. 
This  acid,  called  also  muriatic  acid,  is  prepared  by 
placing  in  a  flask  one  part  of  salt  and  two  of  sulphuric 
ficid.  The  action  may  be  aided  by  a  spirit-lamp.  The 
gas  is  conducted  through  a  tube  into  a  bottle  contain- 
ing water.  The  end  of  the  tube  should  dip  but  a  shoit 
distance  beneath  the  surface  of  the  water,  so  that  if  the 
water  should  tend  to  regurgitate,  it  may  be  arrested  by 
a  suitable  bulb,  and  atmospheric  air  allowed  to  pass  into 
the  flask.  The  bottle  should  be  suiTounded  by  ice-wa- 
ter, as  a  large  amount  of  heat  is  extricated  during  the 
process  of  solution,  and  the  water  increases  in  volume 
from  one  to  two  thirds.     The  action  is 

I^aGl+2{S03,  H:0)=Ha+{_N'aO,  2S0„  HO) ; 
that  is,  one  atom  of  chloride  of  sodium  and  two  of  sul- 
phnrio  acid  yield  one  atom  of  hydrochloric  acid  and  one 
of  bisnlphate  of  soda. 

Hydrochloric  acid  gas  may  be  obtained  by  heating 
the  liquid  thus  obtained,  and  collecting  it  by  displace- 
How  is  perclilorio  nciii  nrnde,  nvid  what  aro  its  properties  ?    Whnt 
tiro  the  properties  of  the  chloride  of  nitrogen  ?    How  is  hydrochloric 
add  made?     How  may  the  gns  be  procured? 
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ment.  It  is  a  transparent  colorless  gas,  having  power- 
ful acid  propevties,  and  very  absorbable  by  water,  that, 
fluid  taking  up  500  times  its  volume.  It  fumes  in  mois't 
air.  If  a  dry  Floreuee  flask  be  filled  with  it  by  dis- 
placement, and  the  month  of  it  then  opened  under  wa- 
ter, the  water  rushes  uj)  violently,  ovring  to  the  quiet, 
absorption  of  the  gas.  The  speoifio  gravity  of  the  gx-i 
isl.2T83;  one  hundred  cubic  inches  weigh  39.59  grains. 
It  cont^na  equal  volumes  of  its  constituents,  united 
without  eondensation. 


LEca'uiip::  liii. 

Chlokine  continued. — Liquefaction  of  Eydrochlorw 
Acid. — Its  Production  by  Light. — 77ie  Ohlorine-Hy- 
drogen  Photometer. — Action  of  SydrocMoHc  Add 
on  Metallic  Oxides. — SoMion  of  Sydrochlorio  Add. 
— Its  I^-opeHies. — Tests  for  N'itro-hydrochloric  Add. 
lODiHE.  —  Method  of  Pr^Kiration. — Pi-qpeirties. — He- 
actions. — Its  Photographic  Relations. — Mydriodic 
Acid.  —  Compounds  of  Iodine  with  Oxygen,  Ifiti'o-- 
gen,  and  Chlorine. 

Hydeochloeic  Acid,  although  gaseous  at  ordinarj- 
temperatures  and  pressures,  is  liquefied  by  a  pressure- 
of  forty  atmospheres.  At  50°  it  is  colorless,  and  less 
refractive  than  water. 

The  pure  gas  may  be  obtained  by  the  direct  union 
of  chlorine  and  hydrogen  under  the  influence  of  flame, 
the  electric  spark,  or  light.  In  the  dark  the  gases  do 
not  combine,  but  if  a  beam  of  sunlight  be  thrown  upoi\ 
a  flask  containing  a  mixture  of  equal  volumes,  a  violent, 
explosion  results,  and  the  vessel  is  shattered  to  pieces. 

It  was  found  by  Dr.  Draper  that  in  this  striking  ex- 
periment the  action  is  due  to  the  chloi-ine,  which,  on  ac- 
count of  its  color,  absorbs  the  indigo  ray,  and  changes 
from  the  passive  to  the  active  state.  It  may  also  be 
rendered  active  by  spongy  platinum,  and  chlorine  which 
has  been  exposed  by  itself  to  the  sunshine  unites  more 

What  are  its  piopci'lies  ?  Howmay  iis  solubility  be  shown  ?  How 
mny  liydroohioric  acid  gas  bo  liquefied  ?  WliKt  is  tlie  action  of  sun- 
liglit  on  It  mixlura  of  chlorine  anil  hydrogen?  To  which  of  these 
bodies  is  the  nclion  due  ? 
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readily  with  hydrogen.  Dr.Draper  invented  a  photom- 
.eter  based  on  these  phecomena  (page  91),  and  with  it 
determined  many  most  valuable  photo-chemical  facts 
(Philosophical  Magazine,  December,  1843). 

"When  hydrochloric  acid  is  brought  in  contact  with 
jnetallio  oxides,  both  are  decomposed,  a  metallic  chlor- 
ide and  water  resulting. 

M0+ BGi= Ma+iro, 

or  M^Og+3HCl=M^Cl3+3SO  ; 

that  is,  one  atom  of  a  metallic  protoxide  with  one  of  hy- 
drochloric acid  yields  one  of  protochloride  and  one  of 
water.  In  the  case  of  a  sesquioside,  one  atom  with 
three  of  hydrochloric  acid  gives  one  of  metallic  sesqni- 
chioride  and  three  of  water. 

The  constitution  of  hydrocLlorio  acid,  and  its  fw-^- 
action  oq  metallic  osides,  are  strikingly  shown 
by  taking  a  flask,  Mff.  268,  filled  with  it,  and 
pouring  a  fine  stream  of  peroxide  of  merci 
in  through  a  funnel.    Tlie  chloride  of  meicn 
oorrosive  sublimate,  forms  at  once,  and  drops  of  | 
water  condense  on  the  sides  of  the  fiask. 

Liquid  hydroohloiic  acid,  or  spirit  of  salt,  as  it  is  call- 
ed from  its  origin,  is  the  most  commonly  used  form. 
It  has,  when  very  concentrated,  a  specific  gravity  of 
1.21,  boiling  at  112°,  and  freesang  at  —60°.  It  contains 
42.4  per  cent,  of  the  acid  gas.  The  boiling  point  is 
highest,  230°,  when  the  specific  gravity  is  1.094,  and  the 
liquid  contdna  20  per  cent,  of  dry  gas.  The  sti'ong  acid 
is  weakened  and  the  weak  strengttiened  by  boiling. 

The  commercial  acid  is  generally  yellow,  partly  from 
;ehloTide  of  iron  and  partly  from  the  particles  of  cork 
and  lute  that  may  have  fallen  into  it.  It  may  also  con- 
tain sulphuric  acid,  chlorine,  sulphurous  acid,  tin,  or  ar- 
isenic.  Fi'om  the  latter  it  is  separated  by  distillation 
over  sulphide  of  barium. 

The  teats  for  hydrochloric  acid  arc  first  the  dense 
white  fumes  of  std  ammoniac,  the  chloride  of  ammo- 
tiiimi,  tliat  it  yields  with  free  ammonia.  If  two  bottles 
that  have  been  rinsed  out,  one,  c,  with  the  acid,  and  the 

What  is  the  nction  of  lijdrooMorio  acid  on  metallic  oxides  ?  What 
is  the  Rction  of  hydrochloric  acid  on  peroxide  of  mercury  ?  What 
ore  the  properties  of  liquid  hydroeliloric  neid?  What  are  its  imiui- 
ritiea  ?    Whfit  are  the  tests  for  it  ? 
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oLher,  /i,  witli  ammonia,  are  placed  mouth  tO' 
moath,  J^t(/  259,  tliey  are  filled  with  a  white 
cloud  very  quickly.  Second,  with  nitrate  oi' 
silver  thi^  acid  gives  a  curdy  white  precipi- 
U  tate  of  chloride  of  silvev,  which  is  soluble  in 
ammonia.  Hydrochloric  acid  gas  is  distin- 
guished from  chlorine  by  the  absence  of 
bleaching  power  and  its  acid  qualities,  litmus 
water  being  used  as  the  test. 

Nitro-Hydeochloeic  Acid 
13  also  called  nitro-muriatic  acid  and  aqua 
regia,  and  is  formed  by  adding  to  hydroehlo- 
'  1  ic  acid  one  third  of  its  volume  of  nitric  acid.. 
it  possesses  the  power  of  dissolving  tbe  no- 
Ijle  metals,  forming  chlorides,  a  property  due 
lo  the  evolution  ofnascent  chlorine.  Nitrous 
acid  and  water  afe  also  set  free.  Heat  accel- 
er.jU.'s  the  action,  but  may  cause  the  loss  of  some  of  the' 

Iodine.    1=126. 

This  element  was  discovered  in  1311,  and  is  named 
from  the  violet  color  of  its  vapor.  It  is  made  from  kelp., 
which  is  the  ash  produced  by  the  burning  of  sea-weed^ 
but  is  also.fonndia  some  saline  springs,  in  certain  Mex- 
ican silver  ores. 

It  may  be  obtained  by  lixiviating  kelp,  and  evapora- 
ting till  no  more  crystals  are  produced.  The  mother- 
liquor  ia  then  treated  with  sulphuric  acid,  and  subse- 
quently heated  with  peroxide  of  manganese  in  a  leadeu 
retort,  ab  o.  Fig.  260,  the  iodine  distilling  over  into  the 
receivers,  d. 

It  is  a  solid  substance,  of  a  bluish-black  color,  with  a 
metallic  lustre,  communicates  to  the  skin  a  fugitive  yel- 
low stain,  and  smells  like  a  sea-beach.  It  ia  very  vola- 
tile, producing  a  pale  vapor  at  60°,  and  crystallizes  in 
rhombic  plates  and  octahedra.  The  specific  gravity  is 
4.946.  At  220"  it  melts,  and  boils  at  350°,  giving  off 
violet  fumes.    The  specific  gravity  of  the  vapor  is  8.70B6. 

Describe  the  experiment  Fig.  259.  What  nie  the  preparation  and 
properties  of  niti'O-murintio  acid  ?  Fi'ora  what  source  is  iodine  pi'o^ 
■■"    What  is  the  method  of  its  preparation?    What  ia  its  ap- 
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It  is  one  of  the  heaviest  gaseous  bodies  known ; 
bie  inches  weigh  269.64  grains. 

Iodine  supports  combustion  lilie  chlorine.      ' 
A  jar,  a.  Fig.  261,  containing  a  few  grai 
of  it,  placed  in  a  small  eand-bath,  5,  and 
Twarmed  by  a  spirit-lamp,  c,  may  be  i 
iilled  with  its  dense  vapor,  the  atmospheric 
air  floating  out  before  it.    A  lighted  candle 
plunged  in  tbia  vapor  bm-ns  slowh",  but  pho 
phorus  spontaneously  ignites.    In  the  saii 
manner,  phosphorus,  placed  with  a  few  grains  of  solid 
iodine  in  a  capsule  covered  by  a  jar,  r,„  „' 

^ig.  292,  takes  Sre,  with  the  evolution 
Mf  phosphoric  acid,  vapor  of  iodine,  and 
fodide  of  phosphorus. 

Iodine  is  but  sparingly  soluble  ii 
tcr,  that  liquid  taking  up,  if  pure,  only 
To'uo  part  of  its  weight,  and  becoming 
pale  brown.  It  decomposes  in  the  snn-  . 
shine,  iodic  and  hydriodie  acids  arising. 
If  the  water  contain  iodide  of  potassium,  cliloride  of 
ammonium,  nitrate  of  ammonia,  or  hydriodie  acid,  it  will 
dissolve  iodine  freely.  Alcohol,  ether^  chloroform,  and 
\s  respects  combustion  ?     In  what  flaids  is 
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2SS  PKOPEKTIKS  OF  IODINE. 

sulphide  of  carbon  also  dissolve  it  abundantly.  TIi  e 
last  fluid  is  valuable  in  researches  on  heat,  as  it  on!.y 
permits  the  dark  rays  to  pass. 

lodiue  gives  very  characteristic  reactions.  Iodide  oi*' 
potassium  with  acetate  of  lead  yields  a  yellow  precipi- 
tate, which,  on  cooling  after  being  boiled,  assumes  a 
crystalline  appearance  like  flakes  of  gold  leaf.  Wil'n 
chloride  of  mercury  a  scarlet  biniodide  is  produced.  If 
dried  and  sublimed  in  a  tnbe,  the  yellow  crystals  whi  eh 
form  possess  the  property  of  turning  red  when  touchtid. 
With  a  solution  of  starch,  free  iodine,  or  an  iodide  acitd- 
ified  with  nitric  acid,  yields  a  blue  color ;  the  soltitioi  i 
becSmiug  eoloviass  If  heated,  but  the  color  returniiig  O'n 
cooling,  providing  the  temperature  has  not  been  camet-i 
to  the  boiling  point.  If  a  potato  be  cut  and  tincturti 
of  iodine  poured  on  the  surface,  InnumeTable  blue  specks^ 
make  thoir  appearance,  corresponding  to  the  position 
of  granules  of  starcb. 

Iodine  is  most  valued  for  its  pfiotogr aphid  relatiouEs. 
The  iodide  of  silver  is  one  of  the  most  sensitive  eom.- 
pounds  at  present  known.  The  iodides  of  potassinni, 
ammonium,  cadmium,  etc.,  are  mixed  with  collodion  on- 
albumen,  and,  a  film  of  the  mixture  being  spread  ove-;- 
glass,  is  subjected  to  the  action  of  a  solution  of  nitrstti 
of  silver  in  the  dark.  After  being  impressed  by  the. 
light  received  through  a  camera  lens,  a  solution  of  pro- 
tosulphate  of  iron  or  pyrogaliio  acid  is  poitred  upon  the 
plate.  The  pai'ts  acted  on  by  light  immediately  receive 
a  dark  deposit  of  metallic  silver.  The  superfluons  iodide 
of  silver  is  removed  by  a  solution  of  cyanide  of  potas- 
sinni or  hyposulphite  of  soda.  In  the  daguerreotype 
the  film  of  iodide  is  formed  by  exposing  a  pohshed  sil- 
ver plate  to  tho  vapor  of  iodine. 

Hydeiodic  Acid. — 111=12". 

This  gas  mdy  bo  made  by  dissolving  in  n  solution  of 
iodide  of  potassium  as  much  iodine  as  it  will  hold,  add- 
ing pieces  of  phosphorus  and  distilling.  A  colorless 
fuming  gas  is  sent  over.  Its  specific  gravity  is  4.3878 ; 
100  cnliic  inches  weigh  135.69  grains.     It  extinguishes 

What  are  its  reactions?  How  does  it  act  with  a  solution  of  stui-ch? 
What  13  its  most  valuable  application  ?  How  is  hydriodic  acid  made  ? 
What  are  its  pvopenies  ? 
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It  liquefies  under  press- 
ure,  and  becomes  a  transparent  colorless  solid  at  —60°. 
,A  solution  of  hydriodic  acid  iu  water  may  bo  made  by 
passing  sulpbureted  hydrogen  from  a  flasTc  through  wa- 
ter iu  which  iodine  is  suspended.  The  acid  forms,  and 
sulphur  is  deposited : 
■■  I-\.HS=S+in. 

Hydriodic  acid  has  the  general  relations  of  hydro- 
clilorie  acid,  and  is,  like  it,  very  soluble  in  water.  With 
nitrate  of  silver  it  gives  a  yellow  precipitate  of  iodide 
of  silver. 

With  oxygen,  iodine  forma  two  aeids,  iodic  {10^ 
and  periodio  {10,110).  The  former  ia  obtained  by 
boiling  iodine  witli  the  strongest  nitric  acid.  With  ni- 
trogen it  gives  an  iodide  {NmF^),  which  is  prepared  by 
patting  powdered  iodine  in  aqua  ammonia.  The  brown 
powder  which  forms  ia  dangerously  explosive.  If 
placed  while  moist  on  paper,  it  will,  on  drying,  blow 
iip  fiiea  that  may  walk  upon  it.  Chlorine  forms  two 
■  '  'e  compounds — ICl,  a  liquid;  and  ICls>  a  solid. 
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Beomihe,  Pr^lS, 
occurs  in  sea-water,  and  also  in  certain  brine-springs, 
both  in  America  and  Europe,  It  is  found,  among  min- 
s^rals,  associated  with  silver.  !From  its  solutions  it  may 
be  obtained  by  evaporating  the  water  until  the  chloride 
of  sodium  Jias  ciystallized  out,  and  passing  a  current 

IToiv  may  n  solution  of  it  be  matle  ?  Wliat  are  the  osygen  com- 
I>ound9  of  iodine  ?  Wliat  are  the  properties  of  iodide  of  nitrogen  ? 
From  what  source  ia  bromine  obtained  ?    Describe  the  method  pnr- 
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of  chlorine  gas  through  it.  The  solution  turns  yelloW: , 
and  on  beiiie  agitated  with  ether  the  hromine  is  dis- 
solved out.  The  ether  is  agitated  with  potassa,  hromatc- ; 
of  potassa  and  bromide  of  potassium  forming.  On  igni- 
tion, oxygen  is  expelled,  and  the  whole  converted  into 
the  latter  salt,  from  which  the  bromine  may  be  distilled 
by  the  aid  of  peroxide  of  manganese  and  sulphoric; 
acid. 

It  is  a  liquid  of  a  deep  reddish-brown  color,  a  disa- 
greeable odor,  whence  its  name,  solidifying  at  —7°.  6, 
and  boiling  at  145°.  Its  specific  gi-avity  is  about  3.,  tb  at 
of  the  vapor  5.39;  100  cubic  inches  weigh  166.62  graios.- 
If  breathed  it  produces  the  eiFect  of  a  severe  cold,  whicVi 
may  last  for  days.  It  bleaches  like  chlorine  if  aqueousj 
vapor  be  present,  but  not  if  dry,  whence  it  is  supposed, 
that  the  bleaching  is  produced  by  nascent  oxygen  de- 
rived fi'om  the  decomposed  w.iter.  It  extinguishes, 
flame,  and  combines,  with  explosion,  with  potassium 
and  phosphorus;  antimony  bums  in  it.  In  its  general 
relations  it  resembles  chlorine. 

With  oxygen  it  forma  a  compound,  bromic  acicJ, 
BrO^;  and  with  hydrogen,  hydrobromio  acid, .ffiJr. 
The  latter  is  prepared  by  heating  a  mixture  of  phospbc- 
rus,  bromine,  and  bromide  of  potassium  with  water,. 
At  —100°  it  is  a  clear  colorless  liquid,  and  becomes  solid 
at  —124°;  100  cubic  inches  of  the  gas  weigh  84. S3 
grains. 

The  bromide  of  silver  is  used  as  a  photographic  agent, 
in  combination  with  the  iodide. 

Fluorine,  J''^19, 
is  found  abundantly  in  nature,  in  combination  with  cal- 
cium, as  fiuor  spar.  It  occurs  also  in  the  topaz,  in  some 
kinds  of  mica,  in  sedimentary  rocks,  in  teeth,  and  fossil 
bones;  these  last  sometimes  contain  10  per  cent,  of  flu- 
oride of  calciom.  Cryolite,  found  in  Greenland,  is  s 
fluoride  of  aluminum  and  sodium.  Fluorine  has  not 
with  cert^nty  been  isolated,  though  it  is  stated  to  be  a 
yellowish-brown  gas.  It  attacks  glass  and  platinum ; 
and  though  vessels  of  flnor  spar  have  been  substituted 

What  are  the  propcvtiea  of  bromine?  What  olher  element  does 
it  resemble  ?  Describe  hydrobi-omie  acid.  For  what  is  bromide  of 
silier  used  ?    In  what  forms  does  fluorine  occur  ? 
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for  those,  yet  the  body  obtained  seems  only  to  have 
been  a  mixtuve  of  chlorine  and  hydrofluoric  acid. 

It  possesses  an  intense  affinity  for  electro-positive 
Viodies,  and  gives  rise  to  a  series  of  compounds  resem- 
bling those  of  chlorine,  iodine,  and  bromine.  It  does 
not  unite  with  oxygen  or  carbon, 

Hydkofluoeic!  Acid,  HF=20, 
is  made  by  decomposing  fluoride  of  calcium  by  sulphu- 
ric acid  in  a  vessel  of  platinum  or  lead,  the  vapors  being 
conducted  into  a  receiver  kept  at.  a  low  temperature. 
The  action  is 

CaF-^HO,  SO^=CaO,  SO.,+JIF. 
It  is  a  clear  liquid,  fuming  in  the  air,  boiling  at  68°,  and 
having  a  specific  gravity  of  1.06.    Its  attraction  for  -wa- 
ter exceeds  that  of  oil  of  vitrioJ,  and  it  produces  a  ma- 
lignant ulceration  of  the  skin, 

.  If  a  piece  of  glass  be  coated  over  -with  a  thin  film  of 
beeswax,  and  letters  or  other  marks  made  through  tbe 
wax  to  the  glsws  with  a  pointed  tool,  on  setting  it  over 
a.  tin  vessel  m  which,  from  a  mixture  of  fluor  spar  and 
sulphuric  acid,  hydrofluoric  acid  vapor  is  escaping,  the 
glass  ia  coiToded  away,  or  etched  in  the  uncovered 
parts.  The  liquid  acid  may  also  be  employed,  but  the 
letters  are  then  not  so  visible. 

Carbon.     C=6. 

Tlie  carbon  group  of  metalloids  comprises  three  bod- 
ies-r-ca^bon,  boron,  and  silicon.  They  are  remarkable 
for  being,  in  the  ciystaliine  state,  very  hard ;  in  the 
amorphous  state,  insoluble  and  non-volatile.  Carbon  is 
tie  principal  constituent  of  tbe  organic,  and  sUicon  of 
the  inorganic  kingdom. 

Carbon  occurs  under  many  difiiarent  allotropio  condi- 
tions. 1.  Diamond,  which  crystallizes  in  octahedrons, 
is  transparent,  incombustible  except  in  oxygen  gas,  and 
She  hardest  body  known  ;  hence  its  use  in  cutting  glass. 
2.  Gas  carbon,  which,  unlike  diamond,  is  a  good  con- 
ductor of  electricity,  and  is  opaque.     3.  The  various 

Ara  ifs  propeYiies  known  ?  How  is  hydrofluoric  acid  made  ? 
What  remarkable  quality  does  it  possess  ?  What  is  the  carbon 
group,  and  what  are  lis  peouliwities?  Stale  the  allotropic  modifi- 
c!itiaQ3  of  carbon. 
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forms  of  charcoal,  anthracite,  and  eokc.  4.  PJiimbago, 
which  has  a  metallic  lustre,  is  opaque,  and  so  soft  ami 
Tioctuous  that  it  is  used  to  relieve  the  friction  of  ma- 
chinery and  for  writing  on  paper.  5.  Lampblack,  a 
powerful  absorbent  of  light  and  heat,  and  possessing 
sach  strong  affinity  for  oxygen  that  it  can  tako  fire 
spontaneonsly  in  the  air. 

Other  forms  might  be  cited;  these,  however,  are 
enough  to  establish  the  fact  that  this  simple  body  fur- 
nishes varieties  which  differ  more  strikingly  from  each 
other  than  many  different  metallic  bodies.  It  is  no 
doabt  owing  to  the  many  different  states  in  which  caj'- 
boa  exists  that  its  compounds,  though  containing  tlrie 
same  proportions  of  the  same  ingredients,  yet  vary  so 
niach  id  properties. 

Charcoal  is  made  by  the  ignition  of  wood  in  closn 
j^j.  vessels,  the  yolatile  materials  being  dissipated  ami 
the  carbon  left.  The  nature  of  tlie  process  ma^ 
be  illustrated  by  taking  a  slip  of  wood,  J,  JP^g.  263, 
and  placing  the  burning  extremity  in  a  test-tub«, 
a.    This  retards  the  access  of  the  surrounding  aiv, 

'Y    and,  as  the .  combustion  proceeds,  a  cylinder  of 

I      charcoal  is  left. 

I         Lampblack  is  formed  on 

^  a  similar  principle.  In  the 
iron  pot  a,  Mg.  204,  some 
*— '  pitch  or  tar  is  made  to  boil, 
a  small  qoantity  of  air  being  ad- 
mitted through  apertures  in  the 
brick-work.  Imperfect  combus- 
tion takes  place,  the  hydrogen 
aione  burning,  the  carbon  bemg 
carried  as  a  dense  cloud  of  smoke 
into  the  chamber  6  c  by  the  i 
draught.  In  this  there  is  a  hood  : 
or  cone  of  coarse  cloth,  d,  which 
may  be  raised  or  lowered  by  a  pulley.  The  sides  of 
the  chamber  are  covered  with  leather,  and  on  these 
the  lampblack  collects.  One  of  its  principal  uses  is  in. 
making  printer's  ink. 

Diamond  is  the  purest  form  of  carbon.     Its  6 
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gravity  is  3.5.  It  exhibits  a  high  refractive  atid  dis- 
persive action  upon  light.  The  largest  diamond  known 
was  the  Koh-i-Noor,  which  weighed  900  carats  when 
found  ;  in  1852  it  was  cut  into  a  brilliaut  of  162^  carats. 
The  Pitt  diamond,  one  of  the  crown  jewels  of  France, 
is  probably  the  finest  in  the  world.  Its  estimated  value 
is  $2,400,000;  the  Koh-i-Noor  is  valued  at  ®3,000,000. 
Diamonds  have  been  found  in  North  Carolina. 

,  Charcoal  possesses,  in  consequence  of  its  porous  struc- 
tpre,  the  quality  of  absorbing  many  times  its  own  vol- 
ume of  different  gases.  One  cubic  inch  of  newly-made 
^.haicoal  will  take  a[  of 


Hydiouhloric  Acid 
Sulphurous  Acid 
feulphureled  Hj  drogen 
ProtoMde  of  Niliogea 
Corbomo  Aoiii 


Olefiant  Qua  J 

Carbonic  U\ide  1  +2 

Oxjgen  9  2'i 

Nitrogen  T  60 

Light  carbureted  Hjdrogen   5 
Hjdiogeu  1  75 


The  temperature  of  the  charcoal  rises  as  the  gaa  la  con- 
densed. Freshly-burned  charcoal,  put  in  a  mixture  of 
oxygen  and  sulphwreted  hydrogen,  will  caase  a  vioient 
explosion.  It  also  possesses  the  power  of  removing 
foul  efflavia.  Ivoiy  black  or  animal  charcoal,  which  is 
made  by  the  ignition  of  bones  in  close  vessels,  has  the 
valuable  quality  of  removing  organic  coloring  matters, 
as  is  shown  by  filtering  a  solution  of  iudigo  or  brown 
sugar  through  it. 

In  all  its  forms  carbon  is  infusible,  but  when  burnt  in 
air  or  oxygen  they  all  give  I'ise  to  carbonic  acid.  It 
combines  with  several  of  the  metals  to  form  carburets, 
those  of  iron  being  best  known.  With  oxygen  it  gives 
several  compounds : 

CO,  Cnvhonic  Oxide. 

C0„  Carbonic      Acid. 

CjOa.Sfl'O,  Oxalic 

C,0^,  Mesoxalic        " 

C-0„  iHO,  Khodiaonic      " 

0\0„H0,    Croconio  " 

C^O„HO,    Meilitic  " 

CsOj  Pjromellitie    " 

Of  those,  the  first  two  are  of  most  interest,  and  will 
alone  be  described  here. 

What  are  the  properfiea  of  diamond?  Give  the  abaovbing  power 
of  charcoal  for  vnrious  gases.  What  qnalilThaa  ivovy  black?  What 
are  tlio  oxygen  compounds  of  carbon  ? 
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Caebosic  Oxide,  CO-14, 
produced  when  carbon  ia  burned  in  a  limited  supply 


are  <703+C=2((70), 

GO^+M^CO+MO. 
In  the  first,  carbonic  acid  unites  with  one  atom  of  cav- 
bon  and  yields  two  of  carbonic  oxide ;  in  the  second,  it 


He  2CS. 


i  one  atom  of  osygen  to  tlie 
iron  aud  yields  one  of  carbonic  os- 
It  may  also  be  prepared  by 
heating  oxalic  acid  with  oil  of  vit- 
riol in  a  flask,  «,  I^g.  265,  the  de- 
composition giving  equal  volumes 
of  carbonic  add  and  carbonic  ox- 
ide. The  evolution  is  caused  by  the  abstraotioa  of  wa- 
ter from  the  oxalic  acid  by  the  sulphuric  acid. 

C^Oj+sHO+aiSOs,  IfO)=S{S03,2irO]+  00^ 
+  C0. 
The  acid  may  be  separated  by  passing  the  mixture 
through  a  bottle,  b,  containing  potassa- water,  and  the 
oxide  collected  over  water;  but  the  best  process  is  to 
beat  one  part  of  prussiate  of  potassa  with  ten  of  oil  of 
vitriol  in  a  retort:  the  carbonic  oxide  comes  over  in  a 
state  of  purity. 

As  obtained  by  any  of  these  pro- 
cesses it  is  a  colorless  gas,  which  may 
36  kept  over  water,  in  which  it  is 
only  soluble  to  the  extent  of  6  pev 
cent.  It  is  without  odor,  aud  is  a 
narcotic  poison,  A  jet  of  it,  JfV^.SSC, 
I  burns  in  the  air  with  a  bhie  flame, 
yielding  carbonic  acid.  Its  specific 
gravity  is  9.674;  100  cubic  mcliea 
"  weigb  20.96  grains.     It  has  never 

been  liquefied.  The  combustion  of  tliis  gaa  produces 
the  blue  flame  seen  on  a  coal  fire.  It  is  evolved  by  veg- 
etables, more  particularly  by  aquatic  plants.  Carbonic 
oxide  is  a  compound  radical,  giving  origin  to  a  series  of 
bodies. 

When  is  carbonic  oxide  pvoduced  f  How  niiij  it  be  prepnved  from 
oxalic  acid?  From  wluit  atiier  substance  mnj  it  be  made?  What 
are  its  properties  ? 


yiS-MO. 
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Chloro-earbonlo  acid  or  phosgene  gas  (00,  CI)  is 
formed,  under  the  influence  of  light,  from  equal  volumes 
of  chlorine  and  carbonic  oxide.  It  is  an  acid  body  of  a 
pungent  odor,  and  \s  decomposed  by  ^vater.  It  is  re- 
garded as  carbonic  acid,  in  ■which  one  atom  of  oxygen 
is  replaced  by  one  of  chlorine. 


LECTURE  LV. 
Caebo«io  Aoid. — Prepared  Jyy  Deeomposition.  —  Me- 
suUs  from  Combustion. — IVc^erties. — Density. — Jie- 
lalions  to  Combustion  and  Respiration. — Sokibility 
in  Water. — Produced  in  Animals. — Idquid  and  Sol- 
id Carbonic  Acid. — lAght  Caebueeted  Hydeogen. 
— Fire-daimp. — Marsh  Gtis.  — Artificial  Production. 
—  Goal  Gas. 
Olbfiant  Gas.  — Prq>aration.  —  Properties.  — Action 
with  Chlorine. 

Caebonic  Acid.     CO.^—12. 
Caebonic  Acid  is  commonly  prepared  by  the  action 
of  dilute  hydrochloric  acid  on  ciialk,  or  any  carbonate 
of  lime,  the  action  being 

CaO,  COi-¥HCl=.CaCl.HO\CO^; 
that  is,  one  atom  of  carbonate  of  lime  and 
■one  of  hydrochloric  acid  yield  one  atom  of 
chloride  of  calcium  and  one  of  water,  and 
one  atom  of  carbonic  aoid  gas  is  set  free. 
The  process  may  be  conducted  in  a  flask, 
as  in  Fig.  267,  the  gas  being  evolved  so 
rapidly  that  it  may  be  collected  over  wa-  , 
ter,  though  that  liquid  absorbs  its  own  vol- 
ume at  the  ordinary  pressure. 

Carbonic  aoid  is  abandantly  formed  in  many  pro- 
cesses. It  is  the  result  of  the  complete  combustion  of 
carbonaceous  bodies ;  is  evolved  during  the  respiration 
of  animals  and  in  alcoholic  fermentation.  It  was  called 
Jixed  air  by  the  old  chemists,  because  a  constituent  of 
limestone. 

the  properties  of  cliloio-caibonir  aciA  ?    How  is  cavbon- 
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It  is  a  colorless  and  transparent  gas  at  common  tem- 
peratures, with  a  faint  smell  and  sliglitly  acid  taste.  It 
is  irrespirable,  and  acts  in  a  diluted  state  as  a  narcotic 
poison;  even  air,  containing  one-tenth  of  its  v.olume, 
produces  a  marked  effect;  the  atmosphere  oont^ns  one 
part  in  2000.  Its  specific  gravity  is  1.527;  100  cubic 
inches  weigh  47.037  grains;  it  may  tiierefore  be  col- 
lected by  displacement.  For  tho  same  reason,  it  co'{- 
leots  in  the  bottom  of  weils  and  pits,  and  often  suffo- 
cates workmen  who  descend  into  such  places.  It  does 
not  snpport  combustion ;  a  lighted  taper  lowered  int-o 
a  jar  partly  filled  -with  it  is  at  once  extinguished.  IB 
may  be  poured  from  one  vessel  to  another;  and  if  a  jav 
of  it  be  poured  on  a  candle,  the  light  is  at  once  put  out- 
Its  density  and  other  qaalities  may  be  well  illustrated 
when  it  is  formed  by  the  action  of  fuming  nitric  scid  on 
cai'bonate  of  ammonia,  a  smoky  cloud  marking  its  posi- 
tion and  movements.  Tho  Grotto  del  Cane  owes  its 
peculiarity  of  asphyxiating  dogs  to  the  aecumuJation  of 
this  gas  in  its  baain-ahaped  floor. 

Carbonic  add  reddens  litmus  water,  but  the  bine  coH- 
or  is  restored  hy  boiling,  the  acid  being        fio.  5c». 
driven  off  by  the  heat.    It  ia  soluble  in 
water,  which,  under  pressure,  takes  vip 
five  or  six  times  its  Volume,  constituting 
F/ij,  MS  ^^'^  soda-water  of  commerce.   The 

i'  effervescence  of  Champagne  is  duo 
to  its  escape,  and  natural  waters 
usually  contain  more  or  less  of  it 
The  solubility  may  be  shown  bv 
agitating  it  with  water  in  Hope's 
eudiometer,  Fi^.  288,  or  by  pass 
ing  it  through  Nooth's  soda-watei 
machine,  Ma.  269. 
A  common  test  tov  the  presence  of  cai 
bonic  acid  in  .wells  is  to  lower  a  lighted  oindle  and  if 
its  flame  be  extinguished  it  is  inferred  that  the  gi'!  is 
present ;  but  it  does  not  follow  that  a  min  may  lafelj 
descend  into  snch  places  though  a  candle  may  continue 
to  bui-n ;  the  air  may  even  then  contain  twenty  per  cent, 
of  the  gas. 

What  are  the  pro|>e!:ties  of, carbonic  acid?  What  are  its  vek- 
tione  Wi  combustion?  What  rasnlts  from  ifs  great  epecific  graritv? 
What  is  GOda-ivnter  ?    What  is  a  test  for  this  gna  ? 
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If  through  a  tube  the  breath  be  made  to  pass  into 
lime-water,  a  deposit  of  carbonate  of  limo  renders  the 
water  milky ;  or  if  the  breath  be  conducted  through  lit- 
mus water,  the  color  chaugea  to  red ;  the  air  thus  ex- 
pired from  tlie  lungs  contains  three  or  four  per  cent,  of 
carbonic  acid.  A  man  throws  out  about^gbt  ounces 
of  carbon  as  carbonic  acid  every  day. 

Under  a  pressure  of  thirty-six  atmospheres,  or  by  be- 
ng  cooled  to  —106°,  catbonio  acid  condenses  into  a  liq- 
1  lid  foui  time^!  moie  expansible  by  he^t  than  itmospherio 
111  IhiloHPi'^  con  dentition  sppaiatn^  is  shown  in 
Tij  2T0      It  consists  of  tuo  mm  c^lmJeis- 


))lo"ved  ^s  1  ittnit  to  i^ttieiate  the  ^  is  ,  Ij  is  -x  lecciver. 
A  IS  charged  with  a  mixture  oJ  carbonate  ofjieda  and 
water ;  a  brass  tube,  C,  containing  oil  of  vitriol,  is  iutro- 
-duced  into  it,  and  the  head  is  screwed  on.  A  is  then 
invested,  and  carbonic  acid  is  generated  under  great 
pres^re.  A  tube,  E,  is  next  made  to  connect  A  and  E, 
the  latter  vessel  being  immersed  in  Ice.  The  liquefied 
gas  distills  over  into  B.  A  tube,  i,  descends  nearly  to 
the  bottom  of  B,  and  terminates  above  in  a  fine  nozzle. 
How  may  it  iio 
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e.  As  soon  aa  the  stopcock  at  the  top  of  B  is  opened 
the  liquid  carbonic  acid  is  forced  out  at  e  by  the  press- 
ure of  its  vapor,  it  evaporates  rapidly,  and,  in  so  doing, 
produces  great  cold.  A  portion  of  the  ^as  ia  solidified, 
and  if  the  jet  open  into  a  box,  D,  the  solidified  acid  col- 
lects as  a  flfpcnlent,  snowy-white  deposit.  Mixed  with 
ether,  it  produces  a  temperature  of  —166". 

Carbonic  acid  has  acid  properties  in  but  a  feeble  de- 
gree. It  contains  its  own  volume  of  oxygen,  and  hence 
ita  density,  the  weight  of  carbon  added  not  ^tering  the 
volume  of  the  oxygen  in  wliich  it  is  burned.  The  com- 
mon test  for  its  presence  is  lime-water,  which  deposits 
carbonate  of  lime,  a  white  powder.  It  la  entirely  ab- 
sorbed by  potassa;  and  by  taking  advantage  of  this  fact 
the  most  perfect  vacuum  may  be  formed. 

■  Ci-REON  AND  Hydrogen. 
These  substances  unite,  producing  many  componnds, 
some  of  which  are  solid,  some  liquid,  ana  others  gase- 
ous. They  are  of  course  all  combustible  bodies,  but  the 
description  of  most  of  them  belougs  to  oi-ganio  chemis- 
try. 

Light  Caebcketed  Hydrogen,  (7./^— 8, 
occurs  abundantly  in  coal  mines,  and  forms  with  air  ex- 
plosive mixtures ;  it  is  also  formed  during  the  putre- 
faction of  vegetable  matter  under  water ;  on  stirring 
the  mud  of  ponds  bubbles  of  this  gas  escape — hence  the 
name  marsh  gas.  It  ia  also  ejected  from  petroleum 
borings,  and  serves  to  heat  the  engine-boilers.  The 
village  of  Fredonia  has  been  lighted  for  many  yeai's  by 
a  well  discharging  carbureted  hydrogen.  It  may  be 
obtained  artificially  by  heating  acetate  of  potassa  with 
hydrate  of  baryta.  It  is  a  colorless  gas,  bums  with  a 
yellow  flame,  prodacing  carbonic  acid  and  water,  and 
is,  when  pure,  fatal  if  respired.  Its  specific  gravity  is 
.5528;  100  cubic  inches  weigh  17.12  grains.  It  is  the 
fire-darap  of  coalmines;  choke-damp,  which  comes  after 
its  explosion,  being  carbonic  acid.  The  gas  is  decora- 
How  is  solid  carbonic  acid  filmed  ?  What  ia  the  test  for  cavbonio 
acid  f  What  is  tlie  common  property  of  the  oompounds  of  coi'bon 
and  hydrofren?  Where  is  carirareted  hydrogen  iiatnially  formed? 
What  are  ita  properties?    What  are  fire-damp  and  choke-damp? 
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posed  explosively  by  chlorine  in  the  light,  but  is  not 
acted  on  in  the  dark. 

Coal  gas  contains  this  gas  principally,  associated  with 
coke,  tar,  water,  carbonic  oxide,  carbonic  acid,  defiant 
gas,  sulphureted  hydrogeu,  hydrogen,  ammonia,  and  ni- 
trogen. Gas  ia  purified  by  washing  with  water,  con- 
densation by  cold  water,  and  by  hydrate  of  lime.  Its 
specific  gravity  is  about  .65,  though,  if  the  coal  be  dis- 
tilled at  a  higher  temperature,  it  may  only  be  .345,  ow- 
ing to  the  decomposition  of  olefiant  gas.  The  same 
volume  has  then  much  less  illuminating  power.  In 
London  5,000,000,000  cubic  feet  are  nsed  in  a  year,  pro- 
ducing as  much  light  as  10,000,000,000  of  tallow  can- 
dles. 

Olkpiant  Gas,  ^5^=14, 
may  be  made  by  heating  one  part  of  alcohol  with  four 
of  sulphuric  acid  in  a  flask,  a.  Fig.  Fig.  2:1, 

■2'71.    The  vapor   of  ether   which 
comea  over  with  it  may  be  removed 
by  causing  the  gas  to  pass  through 
a  small  bottle,  i,  containing  sulphu-  I 
ric  acid,  before  being  collected  at  | 
the  trough. 

Olefiant  gas  is  transparent  and  colorless,  bums  with  a 
beautiful  flame,  forms  an  explosive  mj-vture  with  oxy- 
gen, giving  rise  by  its  combustion  to  carbonic  acid  and 
water.  Its  specific  gi-avity  is  .96T4 ;  100  cubic  inches 
weigh  29.96  grains.  If  mixed  with  an  equal  volume  of 
chlorine  an  oily  liquid  condenses,  from  which  olefiant 
gas  receives  its  name.  This  is  the  chloride  of  olefiant 
gas,  or  Dutch  iiquid,  which  will  be  described  under  Or- 
ganic Chemistry,  With  twice  its  volume  of  chlorine,  if 
it  be  set  on  fire,  hydrochloric  acid  is  formed,  and  carbon 
deposited  as  a  dense  black  smoke. 

What  is  the  composilioii  of  coal  gfls? 
pared?    Wliat  are  its  properties P    Fror 
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LECTIJRE  LVl. 


Ctanogkn. — Preparation. — XAqiiefaetion. — An  Elec- 
tro -  negative  Compound  Madical.  —  £tetdphide  of 
Carbon. — Mefractive  and  Dispersive  Powers. 

BoEON.  — Preparation.  — Soron  Diamonds.  —  Boracie 
Aeid. — Nitride  of. — Fluoride  of. 

Silicon. — Three  Allotropic  States. — Silicic  Acid, — Fhc- 
osiliaiG  Add. — Compounds  of  Nitrogen  andSydro- 
ff&i. — Amidogen. — Ammonia.  — Ammonium. — The- 
ory of  Berzelitis. 

CyAKOGEN",  Vy,  OE   BrCAEEUEET   OF  NlTEOGEN. 

Carbon  unites  with  nitrogen,  forming  a  bicarburet 
wheu  these  substances  are  in  the  nasceut  state,  and  in 
preseucG  of  a  base.  It  may  be  obtained  by  exposing 
the  cyanide  of  mereuvy  to  heat,  or  by  heating  a  mixture 
of  six  parts  of  ferrocyanide  of  potassium  and  nine  of 
corrosive  sublimate. 

It  is  a  colorless  gas,  having  a  peculiar  odor.    It  bums 

with  a  beautiful  purple  flame,  dissolves  to  the  extent  of 

44  volumes  in  water  and  23  volumes  in  alcolio],  con- 

densea  into  a  liquid  by  a  pressure  of  3,6  atmospheres 

Fia  Zi2         ^^  ^^°'  ^^  ™*y  ^^  shown  by  healing  with 

a  lamp  cyanide  of  mercury  in  a  bent  tube, 

rFig.  212 ;  the  tube  being  closed  at  both 
ends,  cyanogen  acoiimulates  in  the  cool 
extremity.  Though  a  compound  body,  it 
has  all  the  properties  and  characters  of  a 
powerful  electro -negative  element.  Its 
specific  gravity  is  1.706 ;  100  cubic  inches  weigh  55.64 
grains.  Below  —30°  it  is  a  transparent  solid.  A  far- 
ther description  of  it  and  its  compounds  will  be  given 
under  Organic  Chemistry. 

BisuxPHiDE  OF  Caebon,  C>S^=38, 
may  bo  made  by  passing  the  vapor  of  sulphur  over  char- 
coal ignited  in  a  tube,  and  receiving  the  product  in  a 
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cold  bottle.     The  apparatus 


CAKBON.  oOi 

s  seen  in  Fig.  273.    Into 


tile  l(i;>  of  !i  large  bottle  two  tubes,  bc,o  !  t  a    I 

the  other  bent,  are  inserted.  The  tottle  h'xv  a^  been 
filled  with  charcoal,  pieces  of  sulphur  a  e  dropped  in 
through  the  tube  b  as  soon  as  the  bottle  is  leltot 
'^fhe  sulphur  and  carbon  unite.  The  p  od  ot  pastjca 
along  the  tubes  cf,  cooled  by  a  stream  of  watei  fioni 
the  cock  d^  the  water  being  coiidueted  by  a  string.  A, 
into  a  basin,  x.  The  vapor  passes  into  the  bottle  n, 
■which  ia  partly  filled  with  ice,  and  the  incondensible 
gases  pass  out  through  m.  It  is  a  transparent  liquid, 
specific  gravity  1,272,  of  a  very  disagreeable  odor;  has 
the  quality  of  dissolving  sulphur  and  phosphorus,  boils 
at  100°,  and  does  not  freeze  at  —60°.  It  is  very  vola- 
tile, and  prodnoes  an  intense  cold  during  evaporation  in 
vacuo,  — SO"  being  reached.  Its  principal  point  of  in- 
terest is  the  powerfcil  refractive  and  dispersive  power  it 
exerts  upon  light,  a  property  which  renders  it  especially 
suitable  for  making  prisms  to  be  used  in  spectroscopes. 
It  is  also  used  as  a  solvent  of  sulphur  and  caoutchouc, 
in  the  making  of  vulcanized  India-rubber, 

BOEON,  J?=:ll, 

is  found  only  in  combination  with  oxygen  as  boracic 
acid,  from  which  it  may  be  set  free  by  heating  to  300° 
with  twice  its  weight  of  potassium  or  sodium.  It  may 
be  obtained  in  the  crystalline  state  by  heating  to  a  high 
What  19  iiB  most  valuable  propevtv  ?    From  what  is  boraii  derired  ? 
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degree  8  parts  of  ahiminumwith  10  parts  of  anhydrous 
boracic  acid,  and  treating  the  product  with  caustic  soda, 
hydrochloric  acid,  and  iiitro-hydrofluoric  acid.  These 
crystals  may  present  the  brilliancy  of  the  diamond,  and 
are  bo  hard  that  they  will  scratch  its  anrface.  The  spe- 
cific gravity  ia  2.68.  They  only  take  fire  under  tho 
same  circumstances  as  diamond.  The  amorphous  vari- 
ety is  olive-colored,  and  bums  at  600°  in  the  air  into 
boracic  acid.  It  combines  with  nitrogen,  chlorine,  bro- 
mine, and  fluorine. 

BoKicic  Acid,  B0^=S5, 
exists  ill  the  volcanic  springs  of  Tuscany,  and,  combined 
with  soda,  lime,  or  magnesia,  is  brought  from  India,  Nor- 
way, Sweden,  and  South  America.  It  may  be  artificial- 
ly prepared  by  dissolving  one  part  of  borax  in  fonr  of 
hot  water,  and  adding  halfapai't  of  sulphuvic  acid.  On 
cooling,  the  boraeio  acid  is  deposited  in  small  crystalline 
scales,  wMeh  may  be  purified  by  re  crystallization.  They 
have  a  soapy  feel,  and  are  soluble  in  12  parts  of  boiling 
or  60  parts  of  cold  water. 

Boracic  acid  melts  at  a  red  heat  into  a  transparent 
glass,  which,  combined  with  oxide  of  lead  or  bismuth, 
has  high  refractive  powers.  Its  crystals,  raised  to  213°, 
lose  half  of  their  water.  ^  It  volatilizes  readily  when 
boiled  in  water,  and  is  soluble  in  alcohol,  the  solution 
Fis-'i^i  burning  with  a  green  flame.    The 

^^~_^  experiment  may  be  made  in  a  glass 
..-■sM'—  itigtruKient^  ^  5^  ]?ig^  274,  heated 
by  a  spirit-lamp,  c.  It  is  a  very 
feeble  acid,  and  even  turns  yellow 
turmerio  brown  like  an  alkali.  At 
a  red  heat  it  decomposes  tho  sul- 
phates and  phosphates.  It  ia  em- 
ployed as  a  flux  for  porcelain  colors. 

NiTEioE  OF  Boron,  j5iV^i^25, 
is  obtained  by  Loatifig  to  redness  two  parts  of  sat  ammo- 
niac and  one  of  boras.    It  is  an  amorphous  powder, 
without  taste  or  smell.     When  calcined  with  carbonate 

What  nre  tliG  pecnlmriiios  of  ils  crjstJilB?  How  is  boracic  acid 
prepared?  Wlint  are  iU  properties?  What  color  does  it  givo  to 
flame?    How  ia  nitride  of  bovon  made? 
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of  potassa,  it  decomposea  the  carbonic  acid  and  forms 
oyanogen.  Heated  with  steam,  it  produces  boracic  acid 
and  ammonia. 

Teefluokidk  of  Bokon.  Fluobokic  Acid,  ^J?5=68, 
is  formed  when  a  mixture  of  fluor  spar,  boracic  acid,  and 
oil  of  vitriol  is  heated  in  a  flasli.  The  gas  is  of  a  suffo- 
cating, odor,  reddens  litmus,  extinguishes  flame,  is  dis- 
solved by  water  to  the  extent  of  TOO  vohimes,  and  forms 
dense  white  fumes  with  aqneons  vapor.  It  takes  water 
from  organic  siibstances,  ohamng  them,  and  can  decom- 
pose water. 

SiLiroK,  /'-i=22, 
may  be  prepared  by  igniting  the 
silico  -  fluoride  of  potassium,  Mg 
215,  with  potassium,  acting  upon 
the  resulting  substance  ■«  ith  watei, 
which  removes  the  fluonde  of  po 
tassium,  and  leaves  tbe  silicon  ^s  i  ^ 
nut-brown  powde 

It  exhibits  three  allot  op  o  et  tes  ' 
the  amorphous,  graph  t  c  and  tlje 
regular  crystalline  torn  AI  min- 
um  appears  to  dete  n  ne  tl  e  c  -ystalline  form  of  silicon 
and  boron.  In  deco  npos  ng  the  vapor  of  chloride  of 
silicon  by  aluminum  in  a  ^  essel  of  hydrogen,  silicon  may 
be  obtained  in  hexahedral  prisms  that  can  even  cut 
glass. 

The  amorphous  form  burns  when  heated  in  air,  but  if 
previously  ignited  in  close  vessels  it  shrinks  in  volume, 
increases  In  density  so  as  to  sink  in  sulphuric  acid,  and, 
passing  into  another  allotropic  state,  becomes  incom- 
bustible in  oxygen.  Silicon  can  deoxidize  carbonic  acid, 
and  unites  with  chlorine,  bromine,  and  fluorine. 

Silicic  Acid,  Si(3_,=46, 
is  one  of  the  most  abundant  bodies  in  nature,  existing 
nnder  the  innumerable  forms  of  the  quartz  minerals, 
sands,  and  sandstones.    It  is  found  in  every  soil,  in  alt 
waters,  is  a  constituent  of  many  plants,  and  forms  the 

"What  are  the  properties  of  flnoboric  acid?  How  may  silicon  be 
prepared  ?  What  alloti'opic  slates  does  it  pvesent  ?  What  changes 
occur  in  it  b;  heating  ?    WJiat  is  Che  constitution  af  silicic  ficid  ? 
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304  SILICIC  AXD  FiUOdlLICli;   ACIDS. 

skeleton  of  ti-ibea  of  the  lower  animals.  Rock  crystal 
and  flint  are  pure  silicic  acid. 

It  may  be  obtained  for  chemical  uses  as  follows :  Heat 
rock  ci"ystal  to  redness  and  quench  it  in  water.  Fuse 
one  part  of  this  with  three  parts  of  a  mixture  of  carbon- 
ate of  soda  and  carbonate  of  potassa,  dissolve  the  result- 
ing silicate  in  water,  and  decompose  with  hydrochloric 
aeid.  The  silicic  acid  separates  as  a  gelatinous  hydrate, 
slightly  soluble  in  water,  which,  when  washed  and  dried, 
yields  a  white  insoluble  powder. 

Silica  is  a  gritty  substance,  sufficiently  hard  to  scratch 
glass.  Its  specific  gravity  ia  2.66.  It  combines  with 
the  alkalies  in  excess  to  form  glass.  It  requires  a_  high 
temperature  for  fusion,  and  is  insoluble  in  any  aeid  ex- 
cept hydrofluoric.  At  ordinary  temperatures  the  si!i- 
oates  are  decomposed  by  carbonic  acid,  and  it  ia  to  this 
agency  that  the  disintegration  of  many  rocks  is  duff. 
Soluble  glass  is  made  by  fusing  carbonate  of  soda  with 
sand  and  charcoal.  The  soluble  mass  is  sometimes  used 
as  a  paint. 

Fluosilicic  Acid,  <S*-?^— 79, 
lesulta  when  silica  is  dis- 
solved in  hydrofluoric  acid, 
01  fl  hen  flnor  spar  and  sand 
lie  heated  with  snlphurici 
acid  It  IS  a  colorless  acrid 
ga«,  funie«  in  the  air,  extin- 
tjmahes  flame,  and  may  bo 
liquefied  and  solidified.  The 
j  specific  giavity  ia  3.6;  100 
I  oubio  inches  weigh  112  grs. 
j  Tiansmitted  from  the  fiask 
1  which  generates  it,  a.  Fig. 
276,  thiough  water,  it  ia  do- 
I  composed,  hydrated  silica 
bemg  deposited.  To  pre- 
sent the  tube  which  dchveis  the  gas  being  stopped  up 
by  the  hbeiated  silica,  some  qm(,ksilver,  e,  may  be  put 
m  the  vessel  d,  and  the  tube  dipped  into  it,  so  that  the 
bubbles  of  gas  may  not  come  into  contact  with  the  wa- 


Fluokidk  ( 


'  Silicon. 
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ter  until  tliey  have  reached  the  surface  of  the  metMh 
Sulphuvio  acid  may  be  introduced  through  I.     In  the 
water  hydrofluosilicie  acid  forms.     It  may  be  used  as  a 
test  for  potassa,  soda,  and  baryta. 
NiTEOGEN  and  Hydrogen  yield  three  compounds : 

NH^  Amidogon. 

NJ}„  Ammonia. 

NH^,  Ammoninm. 

AMIDOtiEN,  iVj^  =  16j 

is  a  hypothetical  compoimd  radical,  the  existence  of 
which  in  several  compounds  is  inferred.  On  heating 
potassium  or  sodium  in  dry  ammonia,  one  equivalent  ot' 
hydrogen  is  set  free,  and  a  solid  snbstanco  j-emains — the 
agiide  of  potassium.  This,  in  contact  with  watei-,  yields 
potassa  and  ammonia, 

Amidogen  is  an  electro-negative  compound  radical  lilje 
cyanogen. 

Ammonia.    2^21^=11. 

This  substance,  called  also  volatile  affcali,  is  an  abun- 
dant product  of  the  putrefaction  of  animal  matters,  and 
may  be  obtained  fi-om  the  destructive  distillation  of 
horn ;  hence  the  name,  spirit  of  hartshorn.  It  also  ex- 
ists ill  the  air,  and  is  a  common  product  of  many  cheni- 
ical  reactions.  Iron  nisting  in  a  damp  at-  ^^  jjt 
moaphere  contains  a  trace  of  it  mixed 
with  the  oxide. 

Itmaybe  obtained hyheattng in  aflask, 
a,  Mg.  277,  equal  qnantities  of  slacked 
lime  and  chloride  of  ammonium  ;  and  as 
its  specific  gravity  is  only  .687,  it  may  bo 
collected  in  a  flask  or  jar,  d,  with  the 
mouth  downward,  by  displacing  the  heav- 
ier air.     The  action  is 

NII^Cl-V€aO,HO=CaGl-\-iHO-\-MS^. 
It  may  also  he  collected  at  the  mercurial  trough,  as  in 
Mg.  278. 

It  is  a  transparent  and  colorless  gas,  of  excessive  pun- 
gency, and  a  strong  alkali.    It,  m.ay  he  liquefied  at  — 40°, 

What  effect  has  water  on  it?  How  many  compounds  of  nitrogen 
and  hydrogen  are  there?  What  id  amidogen?  How  does  ammo- 
nifl  arise?    How  may  it  be  procured? 
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and  solidified  at  — 103°,  the  liqwiil  being  most  easily  ob- 
tained by  heating  in  a  pealed  tube  chloiide  of  silver  saV 
urated  with  the  gas.  It  turns  turmeric  paper  brown ; 
is  absorbed  with  great  rapidity  by  water,  which  at  50° 
takes  up  670  times  its  volume,  a  result  which  may  "be 
illustrated  by  inserting  a  flask  full  of  it  in  some  cold  wa- 
ter, when  the  water  rushes  np  with  sufficient  violence  to 
destroy  the  flask  frequently.  Ammonia  neutvalizea  the 
strongest  acids,  as  may  be  shown  by  dropping  it  into 
litmua  water  which  has  been  reddened  by  sulpharic  or- 
nitric  acid. 

It  is  composed  of  three  volumes  of  hydrogen  with  one 
of  nitrogen,  condensed  into  two  volumes.    It  may  be 
RV-sra.      recognized  by  its  remarkable  odor,  and  by 
~-  the  formation  of  white  clouds  when  a  rod,  a, 

J  Mff.  279,  dipped  in  muriatic  acid,  is  ap- 
proached to  it.    One  hundred  cubic  iochee 
f         weigh  18.19  grains. 
Its  solution  in  water,  aqua  ammonia,  is 
prepared  by  passing  the  gas  evolved  from 
slacked  lime  and  sa!  ammoniac  through  Wolfe's  bottles, 

What  Bre  its  properties?  How  many  volnmes  of  it  does  water 
absorb?  What  is  its  ofFeet  on  reddened  litmns?  Whnt  is  its  com- 
position?   How  is  it  doiccte<l?    IIow  is  aquft  ammonia  made  ? 
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AQUA  AMJIONIA.  ^07 

I'opveaceiitd  in  Fig.  280.     The  water  wil!  take  it 


)?p  until  its-spttifac  giavity  is  lowered  to  .875,  It  tlien 
oontams  32^  per  cent,  of  gas.  At  .900  it  contains  26 
per  cent. ;  at  .951, 12.4  per  cent. ;  at  .969,  &.5  per  cent. 
This  solution  is  much  used  for  precipitating  and  neutral- 
izing. It  affords  the  best  means  of  obtaining  ammonia, 
raerely  requiring  to  be  warmed  in  a  flask,  when  the  gaa 
readily  eomes  off. 

AsmoNiTjai,  Am-^ITH^=.\%,, 
is  a  hypothetical  body,  believed  to  be  of  a  metallic  na- 
ture; its  symbol  is  Am.  It  may  be  combined  with 
mercury  by  decomposing  a  solution  of  an  aramoniacal 
salt  by  a  Voltaic  current,  the  negative  pole  being  in 
contact  with  a  globule  of  that  metal,  or  by  putting  an 
amalgam  of  potassium  and  mercury  in  a  solution  of  sal 
ammoniac.  Under  those  circum stances  the  mercury 
swells,  and  eventnally  becomes  of  a  soft  consistency, 
like  butter,  preserving  its  metallic  aspect  completely. 
While  the  mercury  increases  to  thirty  tiroes  its  volume 
at  100°,  it  increases  in  weight  only  -jTrVrftii  P^it-  All  at- 
tempts to  separate  the  ammonium  from  this  amalgam, 
■which  crystallizes  in  cubes'  at  zero,  have  failed.  It  de- 
composes into  NII3  and  H. 

It  is  now  generally  agreed  by  chemists  that  ammo- 

III  ivliat  state  may  it  be  ob- 
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308  COMPOUNDS    OF  AMMONIUM. 

niuni  is  the  basis  of  the  salts  of  ammonia,  as  originally 
stated  by  Berzelius.  Thus  snl  ammoniac,  called  also 
the  muriate  of  ammonia,  is  iraTg-ffCT/  this,  however,  is 
the  same  as  iPS^+  Gl ;  that  is,  the  chloride  of  ammo- 
nium. Bat  it  must  be  remembered  that  when  dry 
ammonia  and  hydrochloric  acid  gas  are  brought  iu  con- 
tact a  white  solid  S&  formed.  If  this  is  called  chloride 
of  amm.oiiium,  it  woold  be  necessary  to  suppose  that 
the  ammonia  lias  taken  hydrogen  away  from  chlorine, 
whereas  ammonia  is  itself  decomposed  by  chlorine. 

In  all  cases  where  ammonia  forms  salts  with  tlie  so- 
called  oxygen  acids,  it  requires  an  atom  of  water,  b«t 
this  water  evidently  gives  it  the  constitution,  not  of 
N'Mj+MO,  but  irafj-i-  0  ;  the  water  therefore  makes 
it  oxide  of  ammonium,  wiicli  will  nnite  with  sulphuric,, 
or  nitric,  or  any  other  acid  precisely  after  the  manner 
of  any  other  metallic  oxide.  Moreover,  the  compounds 
of  ammonia  with  this  atom  of  water  are  is'omorphous 
with  the  t,oraponnds  of  potassium. 

rotJSflium  eerles.    Ammonlmn  series. 

Wetfll  A'  Am 

Otide  KO  AmO 

Chloride  KCl  AmCl 

Sulphide  KS  AmS 

Hitrate  KO,NO^  AmO,  NO, 

feulphate  KO,  SO,  AmO,  SO, 

Of  the  compounds  of  inimonium  with  other  bodies, 
the  pt  otosulphide,  J/Iff,.S',  may  be  mentioned  under  the 
name  oi  hj  dro^ulphato  of  immonia.  It  is  used  as  a 
test  for  metals  in  alkaline  solutions.  Tliere  is  also  a  bi- 
sulphide. 

What  is  its  relntion  to  tlie  ammonia  salts  ?  What  js  She  conslilii- 
tioci  of  the  salts  of  nmraoiiia  iviih  oxygen  afiidsp  Liko  what  class 
of  liodics  docs  ammoriiiim  net?    Wliat  is  lijdrosulphatc  of  ammo- 
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LECTURE  LVII. 
L  Peoferties  of  the  Metals. — Definition  of 
a  Metal.  —  Color,  Specific  Gravity,  Hardness,  Tetiac- 
%,  and  other  Prop&iies.  —  Jielationa  to  Meat.  — 
Compounds  with  other  Bodies  a»id  one  another. — 
Division  into  Groups.  —  27ie  Oxides  and  their  Se- 
duction.— 27«  Siiiphides  and  their  Meduction. 
Op  the  elementary  bodies,  by  far  the  larger  portiou 
are  metailio.     By  a  metal  ire  mean  a  body  which  pos- 
sesses that  peculiar  manner  of  reflecting  light  which  is 
known  as  metailio  lustre ;  it  is  also  a  good  conductor  of 
heat  and  electricity.    Of  these  there  are  about  55 ;  the 
number  is  being  continually  iocroased. 

Most  of  t!ie  metals  are  of  a  ■white  color,  but  they  dif- 
fer from  each  other  by  slight  shades,  some  having  a 
faint  blue  and  some  a  pinkish  shade.  There  are  two 
that  are  strikingly  colored — gold,  which  is  yellow ;  and 
copper,  which  is  red.  In  specific  gravity  they  differ 
exceedingly ;  potassium,  sodmm,  and  lithium  float  in 
water,  and  iridium  is  21  times  as  heavy  as  that  liquid. 

Many  of  the  metals  are  malleable — that  is,  can  be  ex- 
tended into  thin  sheets  under  the  blows  of  a  hammer ; 
others  are  so  brittle  that  they  may  be  reduced  to  pow- 
der in  a  mortar;  some  of  them  are  ductile,  and  may  be 
tlrawn  into  fine  wires,  the  order  for  ductility  not  being 
ilie  same  as  that  for  malleability.  Thus  iron  may  be 
drawn  into  fine  wire,  but  can  not  be  beaten  out  into 
huch  thin  sheets  as  many  other  metals.  Of  all  metals, 
gold  is  the  most  malleable,  and  platinum  has  been  drawn 
into  the  finest  wires,  ^^r.^inrtli  ^^  ^^^  '"^cl'  i"  diameter, 

Whnt  is  the  definllion  of  a  metnl?  How  many  metals  are  there? 
What  is  their  color  commonlj?  Which  are  the  colored  metalB? 
Which  is  the  lightest,  and  which  tlie  heaviest  metnl?  Of  the  met- 
als, which  is  the  most  ductile,  the  mast  malleable,  the  Bofiesi,  tho 
Imrdest.tho  most  fusible? 
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In  hardness  the  metals  differ  much — potassium  is  so 
soft  that  it  may  be  moulded  by  the  fingers,  but  iridium 
is  among  the  hardest  bodies  known.  In  tenacity  or 
strength  the  same  differences  are  seen.  Of  all  metals, 
iron  is  the  most  tenacious ;  a  wire  one  tenth  of  an  inch 
in  diameter  wi!l  sustain  a  quainter  of  a  ton.  The  tenaci- 
ty is,  as  a  rule,  decreased  as  the  temperature  rises. 

In  their  relations  to  heat,  well-marked  distinctions 
may  be  traced.  Mercury,  at  ordinary  temperatures,  is 
in  a  melted  condition,  but  platinum  can  only  be  fused 
by  the  oxyhydrogen  blow-pipe  or  an  electrical  current. 
Aa  respects  volatility,  mercury,  cadmium,  potassium, 
sodium,  zinc,  arsenic,  and  tellurium  may  be  distilled  or 
sublimed  at  a  red  heat.  Gold  and  silver  may  be  vapor- 
ized at  a  very  high  heat. 

The  metals  unite  with  electro-negative  bodies  and 
with  each  other.  In  decomposition  by  the  Voltaic  bat- 
tery they  pass  to  the  negative  pole,  and  are  therefore 
called  electro-positive.  Their  oompoimda  with  oxy^geu, 
chlorine,  etc.,  pass  under  the  name  of  oxidra,  cblorides, 
etc. ;  their  compounds  with  each  other  under  the' name 
of  alloys  ;  or,  if  mercury  be  present,  amalgams.  They 
also  anite  with  sniphm',  phosphorus,  and  carbon. 

Chemical  writers  usually  divide  the  metals  into  groups 
founded  upon  theii'  relations  to  oxygen  gas.  The  fol- 
lowing simple  division  will  be  adopted  in  this  book :  1st. 
Metals  which  decompose  water  at  common  tempera- 
tures. 2d.  Metals  which  only  decompose  water  at  a  red 
heat.    3d.  Metals  which  can  not  decompose  water  at  all. 


1st  Oraup. 

Indium. 

Zinc. 

Glacinum. 

Cadmium. 

Sodium. 

Zirconium. 

Tin. 

Lithium. 

Thorium. 

Ciesium. 

Yttriiira. 

BubidiuBi. 

Erbium. 

Barium. 

Terliium. 

Vanadium. 

Strontinm. 

Cerium. 

Tangalcn, 

Calcium, 

Molybdenum. 

Osmium. 

Sd  Gimip. 

Mongaoese. 

Magnesium. 

Iron. 

Niobium. 

AlumiQiim. 

Nickel. 

Ilmenium. 

Thallium. 

Cobalt. 

Titonium. 

r  unite?    Into  what  groups 
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OXIDES. 

i.nmnon', 
Llhinuni 

Jtanium 
opper 

Lead. 

Bismuth. 

Silver. 

filercuiy. 

Gold. 

Palladinm. 

Platinum. 

Hhodium. 

Iridium, 

Kutheniuro 

In  addition,  theie  are  Diaoium,  Norium,  and  Pelopium, 
the  existence  of  which  is  uncertain. 

The  oldei  chemists  divided  the  metals  into  foni-  class- 
es: 1st.  Alkaline,  as  potassium;  2d.  Earthy,  as  magne- 
sium; 3d.  Imperfect,  as  zinc ;  4th.  Noble,  as  gold. 

The  Mbtaluc  Oxides. 

Metallic  substances  unite  with  oxygen  with  different 
degrees  of  intensity  and  in  very  different  proportions, 
many  of  them  giving  rise  to  a  complete  set  of  oxides, 
and  producing,  let.  Basio  Oxides ;  2d.  Neutral  or  Indif- 
ferent Oxides;  3d.  Metallic  Acids. 

1st.  The  basic  oxides  are  commonly  protoxides  or  ses- 
quioxides,  which  form  neutral  salts  with  hydrogen  acids 
with  the  production  of  water.  'lo  form  such  salts,  for 
evei'y  atom  of  oxygen  in  the  base  there  is  required  one 
atom  of  acid.  A  basic  protoxide  therefore  requires  one 
atom  of  acid,  a  sesquioxide  three,  and  a  deutoxide  two, 
to  form  a  neutral  salt. 

2d.  The  neutral  or  indifferent  oxides  contain  more 
oxygen  than  the  basic,  and  when  heated  with  acids  give 
off  the  oxygen,  a  basio  oxide  resulting. 

3d.  The  metallic  acids  always  contain  most  oxygen. 
They  may  be  sesquioxides,  deutoxides,  teroxides,  or 
quadroxides,  and  are  commonly  formed  by  deflagi'ating 
the  metal  with  nitrate  of  potassa. 

Reduction  op  the  Metaij.ic  Oxides. 
Some  of  the  oxides,  as  those  of  merouiy,  silver,  and 
gold,  may  be  reduced  by  heat  alone,  but  the  greater 
aumber  require  the  conjoint  action  of  carbon,  which  at 
a  high  temperature  decomposes  them,  with  evolution  of 
carbonic  oxide.  Among  powerful  reducing  agents  may 
be  mentioned  the  formiates  and  the  cyanide  of  potas- 

Wbat  was  tlia  old  division?  Wliat  subslHiicos  do  metals  yield 
with  osygen  ?  What  is  the  peculiarity  of  basic  oxides ;  of  neutral 
oxides ;  of  metallic  acids  ?  By  what  processes  may  metallic  oxides 
be  reduced  ? 
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siura,  the  former  acting  tbrougli  the  affinity  of  carbonic 
oxide  for  oxygen,  and  the  latter  through  the  affinity  of 
carbon  and  potassium  conjointly.  The  deoxidation  of 
metals  may  also  be  accomplished  by  reducing  agents, 
snch  as  phosphorous  and  sulphurous  acids,  or  by  the  ac- 
tion of  other  metals ;  iron,  for  instance,  will  precipitate 
metallic  copper  from  its  solutions. 

The  Voltaic  current  affords  a  powerful  means  of  ef- 
fecting the  reduction  of  metals.  By  its  aid  the  alkaline 
metals  were  discovered.  The  electro- 
type, already  described,  is  an  example 
of  its  action;  solutions  of  metallic 
salts  are  readily  decomposed  by  it. 
Thus,  if  a  glass  jar,  T,  Fig.  281,  be  di- 
Mded  into  halves,  and  a  paper  dia- 
^*  phragm,  D,  be  introduced  between 
them,  the  halves  being  tightly  jiress- 
ed  together  by  the  ting  B  B,  if  tbe 
jar  be  filled  with  any  metallic  solution,  such  as  the  aui- 
phate  of  soda,  and  the  positive  and  negative  wires  of 
the  battery  dipped  in  the  opposite  compartments,  after 
a  time  the  metallic  oxide  will  be  found  in  one  of  them 
and  the  acid  in  the  othe«',  a  total  decomposition  having 
taken  place. 

The  Met.vi.lic  Sulpmides. 

Many  of  these,  as  the  sulphides  of  iron,  lead,  and  cop- 
per, are  found  abundantly  in  nature,  or  they  may  be 
made  artiScaally  by  heating  the  metal  with  sulphur,  or 
by  deoxidizing  metallic  sulphates  by  charcoal  or  hydro- 
gen gas,  which  converts  them  into  sulphides,  or  by  the 
action  of  sulphureted  hydrogen  on  their  oxides,  a  metal- 
lic sulphide  and  water  being  produced.  Iron,  manga- 
nese, zinc,  cobalt,  and  nickel  may  be  precipitated  by  hy- 
drosulphate  of  ammonia  from  allialino  solutions. 

Tlie  sulphides  of  a  metal  are  usually  equal  in  number 
and  similar  in  constitution  to  its  oxides;  and  as  oxygen 
compounds  unite  with  each  other  to  produce  oxygen 
s.aJts,  the  sulphides  in  like  manner  also  unite  with  each 
other  to  produce  sulphur  salts. 
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Reduction  oe'  the  ScLriiiOKS. 

The  metallic  sulphides  may  often  be  reduced  by  melt- 
ing them,  with  another  metal  having  a  more  powerful 
affinity  for  sulphur;  thus  iron  filings  will  decompose 
sulphide  of  ajitimony,  sulphide  of  iron  forming  and  an- 
timony being  set  free.  On  the  large  scale,  however,  a 
different  process  is  resorted  to ;  the  sulphide,  by  roast- 
ing, ia  converted  into  a  sulphate,  much  of  the  sulphur 
being  expelled  during  the  process  as  sulphurous  or  sul- 
phuric acid.  The  resulting  sulphate  is  then  acted  on  by 
lime  and  carbon  at  a  high  temperatare;  the  lime  decom- 
poses the  sulphate,  setting  free  the  metallic  oxide-,  which 
is  at  once  reduced  by  the  carbon,  the  sulphate  of  lime 
turning  simaltaneously  into  the  sulphide  of  calcium,  aud 
floating  on  the  surface  of  the  metal  as  a  slag. 

The  metals  also  unite  with  chlorine,  iodine,  bromine, 
carbon,  phosphorus,  etc.,  and  some  with  hydrogen  and 
nitrogen.  These  compounds  will  be  described  in  their 
proper  places. 


LECTURE  LVIII. 
Potassium. — Discov&y  and  P-npertiee.- 

—  Relation  to  Oxygen  and  Water.  —  Its  Oxides.  — 
Caustic  Potama. — Tests  for  Potassa. — Its  Mdstence 
in  the  Sbil  aaid  Plarda. — Saloid  Compomtda  of  Pq- 
tassvwm. — Salts  of  the  Protoxide,  the  Carbonate,  iV?- 
trate,  CMorate,  ete. 

POTASBIUil.      I^=:Zd. 

Potassium  (Kalium)  was  first  obtained  by  Sir  Hum- 
phrey Davy  in  1807.  He  decomposed  its  bydrated  ox- 
ide, potassa,  by  a  Voltaic  current.  From  the  positive 
pole  oxygen  gas  escaped  in  bubbles,  and  metallic  potas- 
sium in  globules,  together  with  hydrogen,  appeared  at 
the  negative. 

It  was  subsequently  discovered  that  the  same  sub- 
stance could  be  decomposed  hy  iron,  and  also  by  car- 
bon at  a  high  temperature ;  and  the  latter  of  these  sub- 
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314  potassium:. 

stances  is  now  exdasively  resorted  to  for  the  prepara- 
tion of  potassium.  The  carbonate  of  potassa  is  ignit- 
ed with  charcoal  in  an  iron  bottle,  and  the  potas.sium 
received  into  a  vessel  containing  naphtha.  The  pro- 
ductiveness of  the  operation  is  greatly  interfered  with 
by  the  circumstance  that  the  carbonic  oxide  -which  is 
evolved,  as  it  cools  below  a  red  heat  unites  with  much 
of  the  potassium,  producing  a  gray  substance,  which 
chokes  the  tubes  and  diminishes  the  yield  of  the  meta]. 
Not  more  than  one  fourth  of  the  potassium  contained  in 
the  carbonate  is  obtained. 

Potassium  is  a  bluish-white  metal,  which  at  32°  is 
brittle,  melts  at  150°,  and  boils  at  a  red  heat,  yielding 
a  green  vapor.    Its  specific  gravity  is  .865 ;  it  is  there- 
fore much  lighter  than  water,  on  the  surface  of  whiefi 
it  floits      At  70°  it  may  be  moulded  with  the  fingers, 
being  soft  ind  p^stJ 
It  po'aeises  in  intense  affinity  for  oxygen,  and  hence 
r    -s         requiies  to  be  kept  under  naphtha,  a  liquid 
fii'l^^    contammg  no  oxygen.  Apiece  of  it  thrown 
^^^=^     upon  water,  Mg.  282,  takes  fii-e,  and  burns 
with  a  beautiful  pink  flame.    In  the  air  it 
speedily  tai'nisbes,  as  is  seen  on  cutting  a 
mass  with  a  penknife ;  and  even  in  contact 
wjUi  Re  theie  is  decomposition  with  flame.    In  these 
ciiLS  tho  combustion  arises  from  the  hydrogen  uniting 
with  the  oxjgen  of  the  air  and  reproducing  water,  the 
potasBium  simultaneoasljr  burning  into  potassa.     Potas- 
sium IS  used,  foi  obtaining  other  metals,  aa  aluminum, 
magnesium,  etc  ,  fiom  their  oxides. 

Potassium  aki>  Oxygen. 
There  are  three  oxides  of  potassium — a  suboxide,  a 
protoxide,  and  a  peroxide ;  K^  0,  KO,  and  KO^ 

Suboadde  o/Po(«ss^Vm,^0=86, 
is  formed  by  heating  potassium  in  a  limited  amount  of 
air.     It  takes  fire  when  heated,  and  is  converted  by  war 
ter  into  potassa,  hydrogen  being  evolved. 

What  interferes  with  the  produefiveness  of  the  opei-alion  ?  What 
are  the  propevlies  of  potassium  ?  How  does  it  act  on  tho  surface 
of  water?  Of  what  nae  is  potassium?  How  many  oxides  does  it 
fotm  f     How  is  the  siiboxida  formed  ? 
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OXIDE  OF  POTASSIUM.  815 

IVotoxide  of  Potassium,  KO=A'i, 
is  made  by  heating  one  atom  of  potassium  with  one  of 
hydrate  of  potassa,  ^+^0,7/0=:  2^0+^. 

Mydrated  Oxide  of  Potassium,  K0,M0r^5Q, 
is  best  procured  by  boiling  two  parte  of  pure  carbonate 
of  potassa  with  twenty  of  water,  and,  having  previously 
slacked  one  part  of  quick-lime  with  hot  water,  the  cream 
which  it  forms  is  to  be  added  by  degrees,  and  the  whole 
boiled.  The  process  should  be  conducted  in  an  iron 
vessel,  to  which  a  lid  can  be  adapted,  so  aa  to  exclude 
the  air  during  cooling.  The  resiilting  carbonate  of 
lime  settles,  and  the  hydrate  may  be  obtained  by  evap- 
orating the  solution  rapidly  in  a  silver  ■vessel,  pouring 
out  the  melted  residue  on  a  silver  plate,  or  casting  it  in 
the  form  of  small  cylinders. 

The  decomposition  which  takes  place  is  very  simple ; 
KO,  C0^-\-  CaO,  S0=  GaO,  CO^^KO,SO; 
that  is,  the  lime  takes  carbonic  acid  from  the  carbonate 
of  potassa,  and  the  oxide  of  potassium  unites  with  wa- 
ter. The  solution  may  be  known  to  be  free  from  cai'- 
bonic  acid  by  not  effervescing  when  mixed  with  the 
stronger  acids. 

The  hydrate  of  potassa,  cattstic  potash,  is  a  white 
solid,  having  a  powerful  affinity  for  water,  and  abstract- 
ing it  rapidly  from  the  air.  Taken  between  the  fingers, 
it  commnnicates  to  them  a  soft  feeling,  and,  if  a  con- 
centrated solution  be  used,  soon  effects  a  disorganiza- 
tion ;  it  is  hence  employed  by  surgeons  as  an  escharotic. 
It  possesses  pre-eminently  the  alkaline  qualities,  and, 
indeed,  may  be  taken  as  the  type  of  that  class  of  bod- 
ies ;  neutralizes  the  most  powerful  acids  perfectly,  and 
communicates  to  turmeric  paper  or  solution  a  brown 
tint.  It  turns  the  reddened  infusion  of  litmus  blue,  dis- 
solves flint  glass,  and,  possessing  an  intense  affinity  for 
carbonic  acid,  is  wsed  in  organic  analysis  to  absorb  that 
gas.    Heated  in  the  blow-pipe  fiame,  it  gives  a  charac- 
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tevistic  violet  tinge,  and  in  the  spectroscope,  easily  rec- 
ognized lines. 

Potaasa  in  combination  occurs  in  fertile  soils,  and  is 
essential  to  the  growth  of  laud  plants,  from  the  ashes 
of  which  its  carbonate  is  abundantly  procured.  This 
may  bo  shown  by  filtering  water  through  the  ashes  of 
wood,  when  the  clear  liquid  will  be  found  to  answer  all 
the  tests  indicating  the  presence  of  potMsa.  It  also  oc- 
curs abundantly  in  feldspar,  and  hence  is  found  in  clays. 
The  want  of  fei'tility  in  soils  is  often  due  to  the  absence 
or  exhaustion  of  this  body. 

The  bichloride  of  platinum  gives,  with  a  solution  of 
potassa,  a  yellow  precipitate  of  tbe  chloride  of  potas- 
sium and  platinum.  When  the  amount  of  potassa  is 
small,  it  is  well  to  add  alcohol  at  first,  in  which  the  dou- 
ble chloride  is  almost  insoluble.  Ammonia  yields  a  sim- 
ilar precipitate,  but  this  may  be  avoided  by  exposing 
the  substance  to  a  red  beat  before  testing.  Perchlorio 
acid  with  alcohol  yields  a  white  precipitate.  Tartaric 
acid,  if  added  in  excess,  and  the  mixture  stirred  with  a 
glass  rod,  bearing  gently  on  the  sides  of  the  vessel,  giv^s 
white  streaks  of  the  bitartrate  of  potassa  wherever  the 
rod  has  passed  over  the  glass. 

Of  other  compounds  of  potassium  the  following  may 
be  mentioned : 

Peroxide  of  Potassium,  KO^ 

Chloride  of  Potas3ii.im,  KCl 

Iodide  of  Potassium,  KI 

Cyanide  of  Potassinm,  KC3 

Bromide  of  Potassium,  Klir 

Protosulpliido  of  Potassium,  KS 

Tarsnlpliido  of  Potassium,  KS, 

I'orroejanide  of  Potassium,  K,,  Fe,  Cy, 
It  also  combines  with  hydrogen  ia  two  proportions, 
producing  a  solid  and  a  gas ;  the  latter  takes  fire  spon- 
taneously in  the  air.     With  ammonia  it  produces  po- 
tassiamide,  the  composition  of  which  is  IC^nT^. 

Of  these  compounds  the  most  important  are,  1.  The 
peroxide  of  potassium,  which  is  formed  by  burning  po- 
tassium in  oxygen.  It  can  support  combustion,  and  is 
How  may  tha  esistence  of  potassa  in  plants  be  shoivn  ?  What  arf 
the  testa  fbr  potassa  ?  Name  some  of  the  othei-  compounds.  What 
iti  potassiamidef     WhfUate  tlie  properties  of  the  poroside  of  potas- 
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decomposed  by  water,  evolving  oxygen  aud  leaving  po- 
tassa  in  solution.  2.  The  chloride  of  potassium  is  anal- 
ogous to  common  ealt,  and  may  be  formed  by  burning 
potassium  in  ohlorine.  3.  The  iodide,  much  of  which  is 
consumed  in  medicine  and  photography  under  the  name 
of  hydriodate  of  potasaa.  It  ia^prepared  hj  dissolving 
iodine  in  a  solution  of  potassa  till  the  liquid  begins  to 
appear  brown,  then  evaporating  to  dryness,  and  igniting 
the  residue ;  oxygen  is  evolved,  and  iodide  of  potassium 
remains ;  it  may  then  be  crystallized  from  the  solution 
in  water,  the  form  assumed  being  that  of  cubes.  It  is 
very  soluble  in  water  and  hot  alcohol,  and  will  dissolve 
large  quantities  of  iodine.  4.  Cyanide  of  potassium, 
which  is  of  great  use  in  photography  for  dissolving 
iodide  and  bromide  of  silver,  will  be  described  in  or- 
ganic chemistry.  5.  Bromide  of  potassium  may  be 
made  like  the  iodide,  and  is  used  as  an  ingredient  of 
collodion  iu  photography  on  glass. 

Salts  op  the  Protoxide  of  Potassium. 

Carbonate  of  J'otassa  is  obtained  by  lixiviating  the 
ashes  of  plants.  In  an  impure  state  it  forms  the  pot- 
ashes and  pearlashes  of  commerce.  It  may  be  obtained 
pure  by  igniting  the  bitartrate  ivith  half  its  weight  of 
the  nitrate  of  potassa.  It  has  an  alkaline  taste,  its  solu- 
tion feels  greasy  to  the  fingers,  it  is  veiy  soluble  in  wa- 
ter, which  takes  up  nearly  its  own  weiglit,  and  it  is 
deliquescent. 

Jlicarionate  of  Potassa  is  formed  by  transmitting  a 
stream  of  carbonic  acid  through  a  solution  of  the  former 
salt.  It  crystallizes  in  eight-sided  prisms  with  dihedral 
summits,  and  has  most  of  the  properties  of  the  carbon- 
ate. 

SulpMte  of  Potassa  is  formeS  by  neutralizing  the 
following  salt :  crystallizes  in  anhydrous,  short,  six-sided 
prisms,  terminated  by  six-sided  pyramids,  solttbJe  in 
twelve  times  their  weight  of  water,  and  insoluble  in  al- 
cohol. 

Jiisiclphate  of  Potassa  is  a  residue  of  the  production 
of  nitric  acid.    It  is  soluble  in  ivater,  but  is  decomposed 

What  are  Iha  properties  of  the  chloride,  iodide,  cyanide,  liromide 
of  potassium?  From  what  is  the  carbonate  obtained?  How  Rre 
the  bicarbonate,  sulpimtp,  aud  bisulphate  formed  ? 
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SIS  SAiTS   OF  rOTASSA. 

by  an  excess  of  water  into  the  neutral  sulphate  and  acid. 
It  crystallizes  in  rhomboliedroiis. 

Jlf^itrate  of  Potaasa  (Saltpetre)  is  extracted  on  the 
large  scale  from  certain  soils  in  whicli  organic  matter 
is  decaying  in  contact  with  potassa.  In  the  Mammoth 
Cave  nitrate  of  lime  exjpts  in  the  soil,  and  is  used  to  pro- 
duce nitre  l»y  decomposition  with  wood  ashes.  It  crys- 
tallizes in  six-sided  prisma  with  dihedral  summits ;  fuses 
at  a  heat  below  redness,  with  evolution  of  oxygen  gas. 
Its  solubility  varies  greatly  with  the  temperatm-e,  100 
parts  of  water  at  11°  dissolving  88  parts,  and  at  212° 
246  parts.  This  salt  enters  as  an  essential  ingredient 
into  gunpowder,  which  is  composed  of  about  one  atom 
of  nitrate  of  potassa,  one  of  sulphur,  and  three  of  carbon. 
Thesulphur  of  this  mixture  accelerates  the  combustion, 
while  the  oxygen  of  the  nitric  acid  forms  carbonic  acid 
with  the  charcoal.  The  products,  therefore,  of  the  per- 
fect combustion  of  gunpowder  are  carbonic  acid,  nitro- 
gen, and  sulphide  of  potassium.  It  commonly  bappena, 
however,  that  sulphate  of  potassa  is  formed.  The  pro- 
portions of  the  ingredient  of  gunpowder  are  varied  for 
different  uses.  The  powder  used  for  mining,  for  exam- 
ple, contains  more  sulphur  than  that  used  for  fire-arms. 
Gunpowder  must  be  granulated  in  order  to  secure  its 
rapid  combustion. 

Chlorate  of  Potassa.  When  a  stream  of  chlorine  is 
passed  into  a  solution  of  potassa,  the  chloride  of  potas- 
sium and  the  chlorate  of  potassa  result ;  the  latter  is  de- 
posited in  rhomboidal  tables.  The  chlorate  of  potassa 
IS  anhydrous;  it  dissolves  in  18  parts  of  cold  water  and 
2^  of  hot,  melts  at  a  red  heat  with  evolution  of  pure 
oxygen,  defl^rates  with  combustible  bodies,  as  sidphur, 
with  much  violence. 
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LECTURE  LIX. 

Sodium. — I^eparation. — delations  to  Oxygen  and  Wa- 
ter.—  Gol<yi'  communicated  to  FlamQ. — Its  Oxides. — 
The  Hydrated  Oxide.— I'ests  for  Sodium. — Haloid 
Compounds. — Common  Salt. — Suits  of  the  I^otox- 
ide,  Carbonates,  Sidphate,  2^itrate^  Phosphate,  etc. — 
Lithium. — Cesium. — Rubidium, — B  ahium. — Ms  Ox- 
ides.— Saloid  CoTfhpoun^s. — Salts  ofths  IVotOXtde. 

Sodium,    iV^a=23. 

Sodium  (Katrium)  may  be  obtained  by  the  same  pro- 
cess as  potassium,  but  is  best  procured  by  igniting  the 
calcined  acetate  of  soda  with  powdered  charcoal  in  an 
iron  bottle ;  and,  as  tlie  sodium  does  not  act  on  carbon- 
io  oxide,  the  operation  is  much  more  productive  than 
in  the  case  of  the  other  metal.  Like  potassium,  it  has 
to  be  tept  under  the  surface  of  naphtha. 

In  color  sodinm  resembles  silver ;  its  specific  gravity 
is  .97 ;  it  therefore  floats  on  water.  It  melts  at  about 
200°,  and  is  volatile  like  potassium,  its  vapor  being  col- 
orless. Thrown  upon  water,  it  decomposes  it  with  a 
hissing  sound,  and  with  the  evolution  of  hydrogen,  bat 
no  flame  appears:  If,  however,  the  water  be  hot,  or 
the  metal  be  put  in  a  muslin  bag,  then  a  beautiful  yel- 
low flame,  characteristic  of  sodium  and  its  compounds, 
is  the  result.  If  a  drop  or  two  of  water  be  pat  on 
fi-eshly-cut  sodium,  it  takes  fire. 

Sodium  and  Oxygen. 
With  oxygen,  sodium  forms  three  compounds — the 
suboxide,  protoxide,  and  peroxide. 

Protoxide  of  Sodium.  iV«  0=S1. 
This,  like  the  corresponding  potassiam  compound,  is 
produced  by  oxidisang  sodium  in  dry  air.  It  is  a  white 
powder,  which  attracts  moisture  from  the  air,  and  fonns 
the  hydrated  oxide  of  sodium,  commonly  called  caustic 
fioda. 
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Hydrated  Oxide  of  Sodium,  KaO +110^40, 
or  canstic  soda,  may  be  made  by  the  same  process  aa 
that  given  for  canstio  potaesa,by  using  cavbocate  of  so- 
da, and,  when  the  resulting  carbonate  of  lime  has  set- 
tled, evaporating  the  liquid.  The  best  proportions  are, 
one  part  of  quick-lime  to  five  of  carbonate  of  soda  in 
crystals. 

Caustic  soda  resembles  caustic  potassa  in  most  of  its 
properties.  It  is  deliquescent,  has  a  strong  affinity  for 
carbonic  acid,  and  acts  upon  animal  tissues  as  an  escha- 
rotic.  Its  salts  are  generally  more  soluble  than  the  po- 
tassa sEdts,  and  on  this  are  founded  the  methods  reeom- 
mended  for  distinguishing  the  latter  compounds  from 
it.  Moreover,  the  soda  compounds  communicate  to  the 
flame  of  alcohol,  or  to  the  blow-pipe  flame,  a  yellow 
celor,  and  give  in  the  spectroscope  the  yellow  line  D. 

Chloride  of  Sodium.    I^aCl=58.6. 

Common  salt  is  obtained  abundantly  from  the  sea,  in 
which  it  exists  to  the  extent  of  about  four  ounces  to  the 
gallon.  It  is  also  found  as  rock  salt,  and  in  brine 
springe.  The  springs  in  Onondaga  County,  New  York, 
contain  one  seventh,  and  the  Great  Salt  Lake  one  fiilh 
of  nearly  pure  salt  in  their  waters. 

Common  salt  is  the  type  of  that  extensive  class  of 
compounds  which  have  derived  the  name  of  salt  bodies 
from  it.  It  crystallizes  in  cubes,  and  when  in  mass  is 
often  perfectly  transparent,  and  permits  the  passage  of 
heat  of  every  temperature  through  it  freely.  It  melts 
into  a  liquid  at  a  red  heat,  and  is  not  more  soluble  in 
hot  than  cold  water.  It  is  extensively  used  in  the  prep- 
aration of  hydrochloric  acid  and  chlorine  ;  immense 
quantities,  also,  are  annually  consumed  in  the  prepara- 
tion of  carbonate  of  soda,  which  is  made  by  first  acting 
on  common  salt  with  oil  of  vitriol,  so  as  to  turn  it  into 
'sulphate  of  soda,  and,  igniting  this  with  charcoal  and 
carbonate  of  lime,  an  impure  carbonate  of  soda  is  the 
result,  known  under  the  name  of  black  ash,  or  British 

How  is  ctiiistio  soda  made?  What  ore  its  properties  nnd  nses? 
WliHt  icactions  does  sodium  yield  ?  ■What  ia  tlie  constitution  of 
common  salt?  Whence  is  it  obtained?  Wliat  are  its  propertisa? 
TowliBtusesisitpnt? 
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COMPOUNDS   OF  SODA,  321 

bai-illa.  Common  salt  is  exteDsively  used  for  the  curing 
of  meat.  It  is  also  an  essential  article  of  food,  being 
decomposed  in  the  animal  system,  and  furnishing  hydro- 
chloric acid  to  the  gastric  juice,  and  soda  to  the  bile 
and  pancreatic  juice. 

The  compounds  of  sodium  with  bromine,  iodine,  snl- 
phur,  etc.,  are  not  of  interest. 

Salts  of  toe  Protoxide  of  Sodium. 
Garbonate  of  Soda  is  sometimes  obtained  by  lixivi- 
ating the  ashes  of  sea-weeds.  Largo  quantities  are  now 
procured  from  the  decomposition  of  sulphate  of  soda  by 
sawdust  and  lime  at  a  high  temperature,  the  cai'lionace- 
ous  matter  decomposing  the  sulphuric  acid  and  generat- 
ing carbonic  acid,  which  unites  with  the  soda,  while  the 
liberated  sulphur  is  partly  dissipated  and  partly  unites 
with  the  calcium.  From  the  resulting  mass,  black  ash, 
carbonate  of  soda  is  obtained  by  lisiviation.  The  crys- 
tals as  foand  in  commerce,  contain  generally  ten  atoms 
fwat  th  at  other  varieties,  the  one  contain- 
n  !  t     t  1  the   other   one  atom  of  water. 

L  q       1 1         f  tl     carbonate  of  soda  are  also  sold 

n      y  t  II      1    t  te  under  the  name  of  salts  of 
d       Th   fig         f  the  crystals  of  this  salt  is  a  rhom- 
b        tah  d  Tl   y  ffloresce  on  exposure  to  the  air. 

They  ai  e  solablc  in  twico  thpir.  weight  of  water  at  60°, 
and  in  less  than  their  own  weight  at  212°. 

bicarbonate  of  Soda,  or  the  double  carbonate  of  soda 
and  water,  is  formed  by  transmitting  a  stream  of  car- 
bonic acid  through  a  solution  of  the  carbonate,  and  is 
in  the  form  ofa  white  powder.  It  is  less  soluble  in  wa- 
ter than  the  former,  requiring  ten  parts  of  water  at  60°. 
There  is  a  sesqui  carbon  ate  which  passes  in  commerce 
under  the  name  of  Trona. 

Chlorinated  Garbonate  of  Soda,  or  Labarraque's  dis- 
infecting liquid,  is  produced  by  passing  chlorine  slowly 
through  a  solution  of  carbonate  of  soda.  It  is  exten- 
sively used  for  the  destruction  of  noxious  odors  and  ex- 
halations. 

Sulphate  of  Soda,  or  Glauber's  Salt,  occurs  as  a  nat- 

Why  ia  it  a  iioceasary  ingfedient  of  food '(    From  what  souice  is 

carbonate  of  soda  obtained?    Describe  its  preparation.     How  is 

bicarbonate  of  soda  made?    What  is  Labarraqne'a  Solution?    What 

isGhiubei''ssall? 


Hc^i^db,  Google 


322  COMPOUNDS   ov   eODA. 

nval  proctact,  and  also  aa  tlie  result  of  the  preparation 
of  hydrochloric  acid.  It  is  in  prismatic  crystals  of  a 
bitter  taste,  efflovesciog  in  the  air,  and  becoming  anhy- 
drous. Water  disaolvea  more  thau  three  times  its 
■weight  of  this  salt  at  93°,  but  above  that  degree  it  is 
less  soluble.  When  a  solution  of  three  parte  of  this 
salt  in  two  parts  of  water  is  corked  up  in  a  flask  while 
boiling,  it  may  be  cooled  without  crystallization  taking 
place;  but  if  the  cork  be  withdrawn  crystallization  at 
once  commences,  or  if  it  does  not,  the  iotroduction  of 
any  solid  matter  produces  it,  and  the  temperature  of 
the  solution  at  once  rises. 

titrate  of  Soda  is  found  abundantly  in  different  parts 
of  America,  more  particularly  in  Peru  and  Chili.  In  the 
soil  it  crystallizes  in  rhomboids.  It  dissolves  in  twice 
its  weight  of  cold  water,  and,  from  its  deliquescence, 
can  not  be  used  in  the  manufacture  of  gunpowder. 

Pho^kate  of  Soda  (tribasic)  is  formed  by  neutral- 
izing phosphoric  acid  with  carbonate  of  soda :  two  of 
the  hydrogen  atoms  are  replaced.  It  crystallizes  in 
oblique  rhombic  prisms,  dissolves  in  three  limes  its 
weight  of  cold  water,  is  of  an  alkaline  taste,  and  gives 
a  lemon-yellow  precipitate  with  nitrate  of  silver.  By 
the  addition  of  soda  to  it  a  subphosphate  is  formed,  in 
which  all  three  of  the  hydrogen  atoms  of  the  acid  arc 
replaced.  By  the  addition  of  phosphoric  acid  to  the  or- 
dinary phosphate  till  it  ceases  to  give  any  precipitate 
with  the  chloride  of  barium,  the  biphosphate  of  soda  re- 
sults— a  salt  very  soluble  in  water.  Its  crystals  arc 
rhombic  prisms.     In  it  only  one  of  the  hydrogen  atoms 


MicTocosmic  Salt,  or  the  phosphate  of  soda,  ammo- 
nia, and  water,  is  made  by  dissolving  5  parts  of  crystal- 
lized rhombic  phosphate  of  soda  with  2  of  crystallized 
phosphate  of  ammonia.  At  a  low  heat  it  parts  with  its 
water  of  crystallization,  and,  the  temperature  rising,  it 
loses  its  ammonia  and  saline  water,  becoming  monobasic 
phosphate  of  soda.    It  is  much  ttsed  in  blowpipe  experi- 


ix 


pcculiaiilics  of  crystalliittiion ?  Why  can  not  the 
)rgnnpowder?  What  is  the  difiereTJce  between  the 
Losphate,  and  biphosphate  ?     Whs  ■  -     -  ■ - 
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JPprqphosphafe  of  Soda  (bibasic)  ia  procured  by  heat- 
ing the  phosphate.  It  gives  a  white  precipitate  with 
nitrate  ol  silver; 

Metaphosphate  of  Soda  (monobasic)  is  formed  by 
heating  micTOCOsmio  ealt  to  reduess.  It  is  soluble  in 
water,  melts  at  a  red  heat,  and  gives,  with  dilute  solu- 
tions of  the  earthy  and  metallic  salts,  viscid  precipitates. 

liberate  of  Soda,  commonly  called  Borax.  It  is  im- 
ported in  a  crude  state  from  the  East  Indies,  and  manu- 
factured from  the  natural  boracic  acid  of  Italy  by  the 
addition  of  carbonate  of  soda.  It  crystallizes  in  octa- 
hedrons or  in  oblique  prisms,  the  former  containing  five, 
the  latter  ten  atoms  of  water,  all  of  wliieh  is  lost  by  ex- 

fosure  to  a  red  heat,  the  salt  then  fusing  into  a  glass, 
t  is  of  great  use  in  blowpipe  experiments. 
Hyposulphite  of  Soda  is  mannfactnred  on  a  large 
scale  for  photographic  purposes',  because  it  can  easily 
dissolve  eveiy  compound  of  silver  except  the  sulphide, 
and  that  portion  of  chloride  which  has  been  decomposed 
by  light.  It  maybe  formed  by  digesting  sv\lphur  in  hot 
sulphite  of  soda,  or  by  passing  sulphurous  acid  through 
a  solution  of  sulphite  of  sodium. 

Lithium,  Zi=7, 
was  discovered  in  1817,  and  may  bo  obtained  by  de- 
composing the  'chloride  by  an  electric  current.  It  is 
reddish  white,  softer  than  lead,  and  can  be  pressed  into 
wire.  It  is  the  lightest  known  solid  element,  the  spe- 
cific gravity  being  .594,  so  that  it  floats  on  naphtha;  it 
fuses  at  356°,  Heated  in  air,  it  bums  with  an  intense 
white  light,  forming  lithia,  Id  O. 

Hthia  has  only  been  found  to  any  extent  in  certtun 
minerals,  aa  spodumene,  lepidolite,  etc.  It  is  character- 
ized by  the  crimson-red  color  it  imparts  to  flame,  and 
by  its  spectral  lines.  It  yields  a  series  of  salts,  chloride, 
nitrate,  sulphate,,  phosphate,  carbonate,  etc. 

CjEsiujt,  Ct6=133, 
was  discovered  by  Bunsen  and  Kirchhoff  in  making  a 

How  are  pyrophosphate  and  tnetaphosiihate  of  soda  formed? 
From  iviiat  source  ia  borax  derived,  and  wlint  are  its  uses?  Of 
what  use  is  Iiyposnlphile  of  soda  ?  In  what  minerals  does  lithium 
occur,  and  what  are  ila  properties ?  What  is  the  chaiactoristic  of 
lithium  1 
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Spectrum  analysis  of  tlie  Durcltbeim  mineral  ■water, 
which  contains  about  three  grains  of  the  chloride  per 
ton.  Its  name  is  derived  from  the  two  grayish-blue 
lines  peculiar  to  its  speytram.  It  decomposes  water, 
CEesia  forming  and  hydrogen  being  liberated.  The  hy- 
drate of  csesia  is  soluble  in  alcohol,  corrodes  platinum 
like  lithia,  and  ia  volatile  at  a  high  temperature.  Among 
the  known  salts  are  the  chloride,  carbonate,  nitrate,  and 
sulphate. 

Rubidium,  Jtb=B5, 
is  named  from  two  intensely  red  lines  which  its  spec- 
trum has  near  the  end  of  the  leas  refrangible  rays.  It 
ia  commonly  associated  with  cjesium,  and  ia  found  to  a 
slight  extent  (■^oo'aao)  in  sea-water.  It  may  be  obtain- 
ed by  electrolysis  irom  its  chloride.  It  decomposes  wa- 
ter, forming  an  oxide,  ^5  0,  which  is  a  powerful  base, 
producing  a  series  of  salts.  These  salts,  as  well  as  those 
of  OESsia,  resemble  those  of  potasaa  closely,  in  givjng, 
with  tartaric  acid  and  chloride  of  platinum,  precipitates. 

Baeium.  J3az=Qd. 
The  existence  of  barium  was  first  proved  by  Davy 
in  1808.  He  isolated  it  by  passing  a  Voltaic  can-ent 
through  mercury  in  contact  with  hydrate  of  baryta;  an 
amalgam  formed,  from  wliich  the  mercury  was  subse- 
quently distilled,  leaving  the  barium  as  a  metal  of  gray 
color  like  cast  iron,  heavier  than  sulphorio  acid,  the  spe- 
cific gravity  being  1.5,  obtaining  ox:ygen  rapidljj  from 
the  air  or  water,  and  giving  rise  to  the  pi-oduction  of 
baryta,^a(?.  Bannm  may  also  be  made  by  passing  po- 
tassium in  vapor  over  red-hot  baryta. 

Protoxide  of  Barium,  JBaO='l1, 
may  be  obtained  by  igniting  the  nitrate  of  baryta,  the 
decomposition  being 

BaO,  2f0^=Ba0+ir0t+  0; 
that  is,  one  atom  of  nitrate  of  baryta  yields  one  of  pro- 
toxide of  barium,  one  of  nitrous  acid,  and  one  of  oxygen 
gas.     It  is  a  white  substance,  having  a  strong  affinity 

From  whaC  does  effisiam  derive  iss  namef  Hon'  is  inbidinm  oh- 
tai.ied,  and  why  is  it  so  called?  How  whs  barium  first  oblained? 
What  is  the  process  for  obtBining  the  protoxide  F  'What  are  its 
properties  ? 
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for  ivater,  ■with  which  it  exhibits  the  phenoi 
slacking,  as  is  the  case,  to  a  less  extent,  with  lime,  heat 
being  evolved.  It  has  an  acrid  taste,  is  soluble  in  water, 
and  absorbs  carbonic  acid  from  the  air.  The  specific 
gravity  is  4.,  being  the  heaviest  of  the  earths ;  hence  its 
name.    The  soluble  salts  are  poisonous, 

Hydrate  of  Baryta,  BaO,  MO=m, 
is  formed  by  slacking  the  protoxide,  and  is  a  white 
powder,  very  soluble  in  hot,  but  leea  so  in  cold  water, 
yielding  therefore  crystals — hexagonal  prisms,  when  a 
hot  q()lution  cook ;  these  contain  ten  equivalents  of  wa- 
ter. The  cold  solution  is  used  as  a  test  for  carbonic 
and  sulphnrio  acids,  with  which  it  forms  insoluble  white 


The  solution  ia  most  easily  obtained  by  calcining  the 
native  sulphate  with  pnlverized  charcoal,  which  con- 
verts it  into  the  sulphide  of  barium.  To  aboiling  solu- 
tion of  this  body  oxide  of  copper  is  added  till  the  liquid 
ceases  to  blacken  a  solution  of  acetate  of  lead.  On  be- 
ing filtered,  the  solution  of  hydrate  of  barytes  is  pro- 
cured, 

PeeoHde  of  Barium,  BaO^=%r,, 
is  made  by  igniting  chlorate  of  potassa  with  baryta,  or 
by  passing  oxygen  over  baryta  in  a  red-hot  tube.    It  is 
used  in  the  preparation  of  the  peroxide  of  hydrogen 
and  making  of  oxygen. 

Of  the  other  compounds  of  barium,  the  chloride  is 
much  used  as  a  test  for  sulphuric  acid.  It  may  be 
made  by  decomposing  carbonate  of  baryta  by  hydro- 
chloric acid.  The  sulphide  of  barium  is  made  by  ignit- 
ing the  sulphate  of  baryta,  heavy  spar,  with  charcoal, 
wnioh  deoxidizes  both  the  sulphuric  acid  and  the  bary- 
ta. It  dissolves  in  hot  water,  and  from  this  solution 
caustic  baryta  may  be  obtained  by  boiling  with  the  ox- 
ide of  lead  or  copper,  and  separating  the  sulphides  of 
those  metals  by  iiltration.  By  acting  upon  it  with  hy- 
drochloric or  nitric  acid  the  chloride  or  nitrate  may  be 
prepared. 
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Salts  of  the  Peotoxiue  of  Baeium. 

Carbo7iate  of  Baryta  is  found  native  as  the  mineral 
WUherite,  and  may  be  prepared  by  precipitating  a  eol- 
ubJe  salt  of  baryta  with  on  alkaline  carbonate.  It  is 
soluble  in  4300  times  its  weight  of  cold  water  and 
2300  of  boiling.    Its  density  is  4.33. 

Sulphate  ^  Baryta,  found  native  abundantly  as 
heavy  spar,  and  from  it  most  of  the  compounds  of  bari- 
um are  prepared.  Its  density  is  4.47.  It  crystallizes 
in  tabular  plates,  and  is  wholly  insoluble  in  water. 


LECTURE  LX. 
Strontium.  —  Uses  in  Fyroteehny.  —  Salts  of  Protox- 
ide.— Calcium. — JProtoxide  of. — Sources  in  Mature. 
— Tests  for.  —  Saloid  Compowids,  Chloride,  Fluor- 
ide, Sttlphide.  —  Salts  of  the  Protosykh,  CarJxyixate, 
Sulphate,  Phosphate,. Chloride. — Magntisium. — Pro- 
toidde  and  Sa&  of. — Aluminum. — Method  of  obtain^ 
.  ing. — Sesguioxi<M.  —  Uses  in  the  Arts.  —  Salts  of.  — 
Alums. — Glucinuji. —  ZiucosmM. — Thoeium. — Yt- 
trtum.  — ■  Cerium.  —  Lanthanum.  —  Didtmium.  — 
Thallium  . — Indium. 

Steontium,  Sr= 44, 
is  a  fixed  metal  of  a  gi-ay  color,  with  a  reddish  refiee- 
iSon,  having  a  specific  gravity  of  2.5.  It  oxidizes  on  ex- 
posure to  the  air,  and  decomposes  water  without  flame. 
The  metal  is  obtained  by  electrolysis  from  the  chloride, 
the  poles  of  the  battery  being  of  iron.  Its  natural 
coraponnds  are  the  sulphate  and  carbonate. 

Strontium  yields  a  protoxide,  which  is  the  basis  of  a 
series  of  salts  differing  from  baiyta  salts  in  not  being 
poisonous.  The  hydrated  protoxide  is  formed  by  slack- 
ing the  protoxide  with  water.  Strontia  gives  in  tho 
spectroscope  eight  characteristic  bands  of  color — six 
red,  one  orange,  and  one  blue,  but  no  green. 
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Salts  op  tue  Peotoxide  of  Strontium. 

Carbonate  of  Strontia,  the  atrontianite  of  luineralo- 
gista,  is  a  I'are  mineral  of  a  greenish  tint. 

Sulphate  of  Strontia,  the  celestine  of  mineralogists, 
is  found  in  Sicily,  and  is  of  a  bine  tint.  It  is  not  as 
heavy  as  sulphate  of  baryta,  and  is  soluble  in  3600  parts 
of  water. 

Ifitrate  of  Strontia  forms  an  ingredient  of  the  red 
fire  of  theatres,  which  is  composed  of  forty  parts  of  it, 
united  with  thirteen  of  sulphar,  five  of  chlorate  of  po- 
taasa,  and  four  of  sulphide  of  antimony.  It  eryetallizes 
in  ootahedra,  soluble  in  five  parts  of  cold  water  and 
one  half  its  weight  of  boiling  water. 

Calcium,  0^=20, 
ia  obtained  by  electrolysis  from  the  chloride,  and  is  of 
a  yellowish  coior,  harder  than  lead,  malleable,  fusible  at 
a  red  heat,  burning  with  scintillation s  when  heated  in 
air,  chlorine,  vapor  of  bromine,  iodine,  or  sulphur.  Its 
speciiie  gravity  is  1.57;  it  decomposes  water  without 
flame,  and  yields  a  protoxide,  quick-lime  or  lime. 

Lime  occurs  as  a  carbonate  in  the  various  limestones, 
marbles,  chalks,  etc.,  which  form  in  many  countries  ex- 
tensive moantain  ranges.  Its  other  salts  are  very 
Oibundant. 

From  the  carbonate,  quick-lime  may  be  obtained  by 
exposure  to  a  bright  red  heat.  If  the  limestone  con- 
tains silica  it  may  be  overburned,  a  silicate  of  lime 
forming,  which  prevents  the  lime  from  slacking.  It 
possesses  a  strong  affinity  for  water,  and  unites  there- 
with with  a  great  elevation  of  temperature,  as  exhibited 
in  the  process  of  slacking,  the  heat  being  sufficient  to 
inflame  gunpowder.  Exposed  to  a  high  temperature, 
as  in  the  Unie  light,  it  phosphoresces  splendidly.  The 
hydrate  which  forms  when  lime  is  slacked  is  white;  it 
is  soluble  to  a  small  extent  in  water,  and  it  is  remarkar 
ble  that  cold  water  dissolves  more  than  hot — one  part 
of  lime  requiring  1280  of  water  at  212%  but  only  656  at 
82°.      Lime-water  ia   colorless,  of  a   partially  caustic 

DeEcribe  tlio  carbonate,  sulphate,  «id  nitrate  of  strontia.  De- 
scriba  cftlciatn.  How  does  iime  ocotu'?  How  is  qniek-limo  pro- 
duced ?    What  is  the  action  of  water  on  it  f    Wliat  is  lime-water  ? 
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taste;  neutralizes  acids  perfectly, restoring  to  reddened 
litmus  its  blue  color.  It  is  used  as  a  test  for  carbonic 
acid,  with  which  it  gives  the  white  carbonate  of  lime. 
IVIiik  of  lime  is  lime-water  in  which  hydrate  of  lime  is 
mechanically  suspended.  The  hardening  of  moitars  de- 
pends partly  on  the  formation  of  carbonate  of  lime  from 
the  hydrate  that  they  contain,  and  partly  on  the  pro- 
duction of  a  silicate  of  lime.  Hydraulic  lime,  which 
possesses  the  property  of  setting  under  water,  contains 
silicate  of  alumina  and  oxide  of  iron. 

Lime  is  best  detected  by  oxalate  of  ammonia,  with 
which  it  gives  the  white  precipitate  of  oxalate  of  lime 
if  the  solution  be  not  acid,  lime  is  valuable  in  agricul- 
ture from  causing  the  decay  of  organic  matter,  and  de- 
composing such  minerals  as  yield  potassa  ? 

Compounds  of  Calcium. 

0/tloride  of  Galchtm,  CaCl=  55.5,  is  formed  by  dis- 
solving carbonate  of  lime  in  hydrochloric  acid,  and 
evaporating  the  solution  to  dryness.  It  is  exceedingly 
deliquescent,  and  in  the  uncrystallized  state  is  ranch 
used  for  collecting  water  in  organic  analysis,  and  for 
drying  gases.    It  is  very  soluble  in  water  and  alcohol. 

Fluoride  o/Cwfciwm,  Co!^=;39,  called  also  fluorspar, 
and  frequently  fonnd  associated  with  lead.  It  crystal- 
lizes in  cubes,  octahedrons,  etc.,  of  various  colors,  and 
is  procured  of  many  beautiful  varieties  in  Derbyshire ; 
they  may  be  turned  in  a  lathe.  It  exists  in  fossil  and 
recent  bones  to  a  small  extent,  and  is  the  source  from 
which  the  compounds  of  fluorine  are  derived.  Chloro- 
phane,  one  of  the  varieties,  phosphoresces  with  a  pale 
green  light  when  heated. 

SuipMde  of  Calcium,  obtained  by  igniting  the  sul- 
phate of  lime  with  charcoal,  or  passing  sulphnreted  hy- 
drogen ever  red-hot  lime,  constitutes  Canton's  phospho- 
rus, which  may  also  be  made  by  igniting  sulphur  with 
oyster-shells.  It  possesses,  when  fresh,  the  curious 
property  of  shining  in  the  dark  after  exposure  to  the 
sunlight  or  electric  sparlr. 

What  does  the  hardening  of  mortar  depanii  on  ?  IVliat  is  the 
test  for  limeP  Fou  what  is  chloride  of  calcium  nsedf  Under  what 
forms  does  (Inoride  of  caleiufi  occnr  ?  Wliat  quality  does  sulphide 
of  eHlciiim  possess? 
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Salts  of  the  Pkotoxide  op  Calciuji. 

Carbonate  of  Lime  is  abundantly  found  in  nature, 
forming  whole  ranges  of  monntains.  The  most  valua- 
ble -white  marbles  are  those  ■which  come  from  Paros, 
PentelicuB,  and  Carrara.  It  occurs  pure  in  the  form  of 
Iceland  spar  in  rhomboidal  crystals  possessed  of  double 
refraction.  It  ia  dimoi'phous,  and  assumes  the  form  of 
six-sided  prisms  in  the  mineral  called  Ati-agonite.  It  is 
anhydrous,  insoluble  in  water,  but  in  water  charged 
with  sarboDio  acid  it  is  soluble,  and  is  deposited  from 
such  a  liquid  on  boiling,  or  by  the  diffusion  of  the  car- 
bouio  acid  into  the  air.  The  carOonio  acid  is  expelled 
from  this, salt  by  a  red  heat  and  the  action  of  the  more 
powerful  acids.  Carbonate  of  Rme  may  be  obtained  in 
union  with  water  by  boiUng  hydrate  of  lime  with  sugar. 

The  formation  of  stalactites  and  stalagmites  in  caves 
depends  on  the  solubility  of  carbonate  of  lime  in  car- 
bonic acid  water.  As  the  water  trickles  from  the  i-oof 
the  carbonate  is  partly  deposited  in  the  inverted  cone 
suspended  from  the  roof,  called  the  stalactite,  and  part- 
ly m  the  cone,  the  Etala<:;mite,  on  the  floor,  as  seen  in 
Pig  l^i 


SidpJmte  of  Li. 
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crystals  an3  in  extensive  ciystalline  masses.  It  con- 
tains two  atoms  of  water,  and  forms  selenite.  Alabas- 
ter is  also  a  sulphate  of  lime.  Anhydrite  contains  no 
water.  On  calcining  the  hydrous  sulphate  of  lime  at  a 
low  red  heat  it  becomes  plaster  of  Paris,  and  has  the 
pvopeity  of  setting  into  a  hard  mass  when  made  into  a 
paste  with  water.  It  is  then  used  for  making  plaster 
casts  and  for  hard-finishing  walls.  The  sulphate  of 
lime  is  soluble  in  500  parts  of  water,  and  conimunicatea 
hardness  to  it,  so  that  it  becomes  unfit  for  washing  and 
cooting  purposes. 

Phosphate  of  Jdme,  or  Bone'earth,  ia  a  tribasic 
phosphate.  It  is  precipitated  when  the  ash  of  bones  is 
dissolved  in  hydrochloric  acid,  and  the  solution  neutral- 
ized by  ammonia.  It  exists  native  as  phosphorite  and 
apatite.  Phosphate  of  hme  is  an  important  constituent 
01  plants,  and  is  necessary  in  the  animal  economy  to  re- 
pair the  waste  of  the  bonea.  Many  plants,  as  the  tur- 
nip, can  be  grown  of  great  size  by  manuring  with 
ground  bones. 

Chloride  of  Lime,  or  Bleaching  Poioder,  is  made  by 
exposing  hydrate  of  lime  to  chlorine.  It  is  a  white 
powder,  exhaling  an  odor  of  chlorine,  and  is  extensively 
employed  as  a  bleaching  agent,  acidified  water  being 
used  to  liberate  the  chlorine.  .Chlorimetry  ia  the  pro- 
cess for  determining  the  amount  of  chlorine  that  chlor- 
ide of  lime  contains.    It  is  usually  about  30  per  cent. 

Magnesium.  Mg=^l2. 
Magnesium  was  first  obtained  by  Davy  in  1808,  by 
passing  the  vapor  of  potassium  over  white-hot  magne- 
sia, but  was  not  accurately  examined  until  1830,  when 
Bussy  prepared  it  by  heating  anhydrous  chloride  of 
magnesium  with  sodium.  It  may  be  procured  by  elec- 
trolyzing  the  fused  chloride  of  magnesium.  It  is  a  sil- 
very-white, ductile,  malleable  metal,  fusible  at  a  red  heat, 
volatile  at  the  same  temperature  as  zinc,  and  burns  with 
great  brilliancy,  evolving  an  intensely  white  light  when 
heated  in  air.    This  Jight  has  been  used  for  producing 

Under  ivlint  forma  does  sulphate  of  lime  occur,  and  what  are  its 
uses?  Of  wliftt  value  is  phosphate  of  lime?  What  is  bleaching 
powder?  How  is  magiiesium  obtained?  Whnt  are  its  properties? 
What  are  its  peculiarities  of  combustion  ? 
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photographs  of  dark  interiorB,  It  is  unchanged  in  dry 
air,  aud  is  only  slowly  oxidized  in  damp  air.  It  does 
not  decompose  water,  but  is  rapidly  dissolved  by  dilute 
acids.  It  burns  when  heated  in  chlorine,  and  in  the  var 
por  of  bromiue,  iodine,  and  sulphur.  Its  specific  gravi- 
ty is  1.Y4. 

I¥otoxi<ie  of  Magnesium.    Mg  0=20. 

This  substance,  called  also  CaJoviied  Magnesia,  or  eim- 
piy  Magneaia,  may  be  made  by  heating  the  carbonate 
to  low  redness;  the  carbonic  acid  is  driven  off,  and  the 
magnesia  remains  as  a  white  powder,  insoluble  in  water, 
but  neutralizing  acids  completely,  and  forming  with  them 
n  complete  series  of  salts. 

Magnesia  oceitrs  very  abundantly  in  nature,  often  as- 
sociated as  a  carbonate  with  carbonate  of  iime,  as  in  do- 
lomitie  iimeatone.  It  also  occurs  in  fertile  soils,  and  is 
essential  to  the  growth  of  certain  plants. 

It  is  well  distingaiabed  from  all  the  foregoing  alkaline 
earths  by  the  relation  of  its  sulphate.  The  sulphates  of 
baiyta,  etrontia,  and  lime  form  a  series  of  salts,  the  sola- 
bility  of  which  in  water  is  constantly  increasing;  to 
these  the  corresponding  magnesia  salt  may  be  added ; 
it  is  veiy  soluble. 

Magnesia  is  precipitated  from  its  sulphate  by  the 
caustic  alkalies,  and  by  the  carbonates  of  potassa  and 
soda  as  a  carbonate,  but  not  by  the  carbonate  of  ammo- 
nia in  the  cold.  It  may  bo  detected  by  adding  carbon- 
ate of  ammonia  and  phosphate  of  soda  in  succession, 
when  the  phosphate  of  magnesia  and  ammonia  is  pre- 
cipitated. Heated  before  the  blowpipe,  after  having 
been  moistened  with  nitrate  of  cobalt,  magnesia  be- 
comes of  a  pinkish  color. 

Salts  of  the  Peotoxide  op  MAGNESiim. 
Carbonate  of  Magnesia  is  found  native,  aud  may  be 
prepared  by  boiling  the  sulphate  with  an  alkaline  car- 
bonate, diffusing  the  precipitate  in  water,  and  passing 
a  stream  of  carlsonic  acid  through  it ;  by  spontaneous 
evaporation  the  carbonate  of  magnesia  is  deposited  in 
crystals.    The  carbonate  of  magnesia,  the  magnesia  alba 
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of  the  shops,  i3  prepared  by  precipitating  the  sulphate 
of  magnesia  ivith  the  carbonate  of  potassa.  It  occurs 
in  light  white  cubical  cakes  or  in  powder,  and  is  not  a 
true  carbonate,  for  it  does  not  contain  a  full  equivalent 
of  cai'bonic  acid.  It  is  said  to  be  a  compound  of  one 
atom  of  hydrate  of  magnesia  with  three  atoms  of  hy- 
drated  carbonate  of  magnesia.  It  is  very  slightly  solu- 
ble in  water. 

Stclphate  oj'  Magnesia — ^psom  Salts  of  commerce — 
is  produced  by  the  action  of  dilute  sulphuric  acid  on 
magnesian  limestone.  Its  crystals  are  small  four^ided 
prisms,  soluble  in  an  equal  weight  of  cold  and  three 
fourths  their  weight  of  boiling  water,  the  solution  hav- 
ing  a  bitter  taste.  A  low  heat  expels  six  out  of  the 
seven  equivalents  of  the  combined  water. 

Fho^hate  of  Magnesia  and  Ammonia,  one  of  the 
varieties  of  urinary  caiculuB,  may  be  formed  artificially 
when  a  tribasic  phosphate,  a  salt  of  ammonia,  and  a  salt 
of  magnesia  are  mixed  together. 

Aluminum.     Alt=l4. 

Aluminum  is  obtained  by  passing  the  vapor  of  chlor- 
ide of  aluminum  over-  sodium  heated  in  a  porcelain  tube. 
Intense  ignition  ensues,  and  the  reduced  alominam  forme 
metallic  globules  {Al^Cls+S2^a^2Al+3miCl).  The 
mineral  VryoUte,  a  double  fluoride  of  aluminum  and  so- 
dium, has  also  been  used  as  a  som'ce  of  the  metal,  and 
is  decomposed  when  heated  with  sodium,  yielding  glob- 
ules of  aluminum  imbedded  in  fused  fluoride  of  sodium. 

Aluminum  is  a  white  malleable  and  dnctUe  metal  of 
the  hardness  of  silver.  Its  specific  gravity  when  rolled 
is  about  2.67,  and  when  cast  2.56 ;  its  point  effusion  ifi 
1750°.  It  is  veiy  slightly  acted  on  by  air  or  water  at 
common  temperatures.  "When  intensely  heated  in  a 
current  of  air  it  suffers  only  slight  oxidation  ;  heated  to 
redness  in  an  atmosphere  of  steam,  it  is  slowly  oxidized. 
It  is  readily  acted  on  by  hydrochloric  acid,  which  evolves 
hydrogen  and  forms  chloride  of  aluminum.  Neither  sul- 
phuric nor  nitric  acid  affects  it  at  common  temperatures, 
but  when  boiled  in  the  latter  it  is  oxidized  as  Jong  as 

What  is  Epsom  Salt?  What  is  tlie  composition  of  pliosplialk: 
calculus?  How  is  aluminum  prepared?  What  Rve  its  proijcrfics? 
Under  what  circumslances  does  it  oxidize  ? 
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the  heat  is  maintained.  In  concentrated  solutions  of 
potassa  and  soda  it  is  oxidined  and  bydrogen  is  liber- 
ated. The  action  is  increased  when  the  alkaline  Eola- 
tion is  heated.  It  forms  alloys  with  many  of  the  other 
metals,  but  does  not  combine  with  mercury.  It  is  not 
affected  by  sulphur  or  sulphnreted  hydrogen.  The  geu- 
ersil  characters  of  this  metal  are  such  as  to  fit  it  for 
many  nsefal  purposes,  but  its  high  price  has  hitherto 
limited  these  applications. 

Sesquioxide  of  Aluminum.     Al^O.^-^52. 

This  oxide,  called  also  alumina  and  clay,  occurs  natn- 
rally  under  certain  forms  which  are  highly  piized,  as 
the  rnby  and  sapphire.  In  a  more  impure  condition  it 
yields  the  various  common  clays,  which  also  contain  sil- 
ica or  raetallio  oxides,  or  other  exti'aneoiis  bodies. 

Alumina  may  be  prepared  from  the  sulphate  of  alu- 
mina and  potassa,  common  alum,  by  precipitating  the  sul- 
phuric acid  by  chloride  of  barium.  The  sulphate  of  ba- 
ryta goes  down,  aud  there  is  left  in  the  solution  chlor- 
ide of  potassium  and  chloride  of  alnminum.  When  the 
mass  is  dried,  water. is  decomposed;  hydrochloric  acid 
is  then  expelled,  and  alumina,  mixed  with  the  chloride 
of  potassium,  remains  behind.  The  latter  is  to  be  dis- 
solved away  by  water,  leaving  the  alumina  as  a  white 
substance,  which,  with  water,  forms  a  plastio  mass,  capa- 
ble of  being  moulded,  aud  ret^niag  its  shape  when 
baked.  After  ignition  it  adheres  to  the  tongue,  and 
during  the  act  of  drying  it  contracts  considerably  in 
volame,  a  property  which  formerly  gave  rise  to  the  in- 
vention of  wedgewood's  pyrometer. 

The  preseuce  of  alumina  gives  to  the  clays  those  prop- 
erties which  fit  them  for  the  purpose  of  the  potter  and 
brickmaker.  Alumina  is  also  used  as  a  mordant  to  fix 
the  colors  of  certain  dyes  upon  cloth. 

Alumina  is  precipitated  from  its  solutions  by  fixed  al- 
kabes,  which  yield  a  white  hydrate  of  alumina,  soluble 
in  an  excess  of  the  precipitant.  It  is  also  thrown  down 
by  alkaline  carbonates,  and  when  these  precipitations 
are  made  in  a  solution  tinged  with  coloring  matter,  the 
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alamioa  carries  it  down  witli  it.  Such  colored  precip- 
itates pass  under  tbe  Eamo  of  lakes ;  and  it  is  this  prop- 
erty of  attaching  such  colors  to  itself,  enabling  it  to 
canse  their  firm  adhesion  to  cloth  fibre,  ivhich  is  the 
cause  of  its  application  as  a  mordant. 

Among  the  purposes  to  which  alumina  is  applied  may 
be  mentioned  tbe  manufacture  of  Poeceiain,  and  the 
different  kinds  of  earthen-ware.  The  former  substance, 
firat  made  by  the  Chinese,  ia  very  compact  and  translu- 
cent. It  consists  essentially  of  clay  mixed  ■with  a  fusi- 
ble body  which  binds  all  its  parts  together,  and  is  cov- 
ered with  a  glaze,  which  does  not  terminate  abruptly 
on  the  surface,  but  pervades  the  substance  of  the  mass. 
In  this  respect  it  differs  from  common  earthen-ware. 
Feldspar,  or  the  silicate  of  lime,  are  bodies  suitable  for 
communicating  this  glassy  structure. 

In  the  manofactm-e  of  porcelain  great  care  is  taken  to 
select  clay  free  from  iron.  It  ia  mixed  with  powdered 
quartz  and  feldspar,  and  the  requisite  shape  given  it 
either  by  the  potter's  wheel  or  by  pressing  it  into 
moulds.  It  ia  then  dried  in  the  air,  and  more  perfectly 
in  a  furnace,  and,  when  ignited,  forms  biscuit.  This  is 
dipped  in  the  glaze,  suspended  in  water,  and  becomes 
covered  over  with  a  uniform  coat  of  it.  It  now  re- 
mains to  dry  it  once  more,  and  fuse  the  glaze  upon  it. 

Eaethen-waeb  consists  of  a  white  clay  mixed  with 
silica.  It  is  glazed  with  a  fusible  materia!  containing 
oxide  of  lead,  and  colored  of  different  tints  by  metallic 
oxides;  for  example,  blue  by  cobalt. 

Connected  with  the  manufacture  of  pottery  may  also 
be  mentioned  the  manufacture  of  Glass,  of  which  there 
are  several  varieties,  some  consisting  of  silica,  pot^sa 
or  soda,  and  lime,  others  containing  a  large  quantity  of 
oxide  of  lead.  If  silica  be  heated  with  carbonate  of 
potassa  and  lime,  or  oxide  of  lead,  carbonic  acid  is  ex- 
pelled and  glass  forms.  The  mass  is  kept  in  a  fused 
condition  till  it  is  free  from  air  hubbies,  and  is  then 
cooled  until  it  becomes  plastic,  so  that  it  may  be  blown 
or  moulded. 

Articles  of  glass,  after  they  are  manufactured,  require 

Hoff  may  alumina  bo  rect^nized?  What  nre  lakes?  What  ie 
tlia  oompoBidoii  of  porcelaia  aud  eartben-ware  ?  How  is  gkss  made? 
Wliy  must  it  bo  annealed  ? 
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to  be  annealed  or  slowly  cooled  down.  This  allows 
their  parts  to  assume  a  regular  structure,  and  prevents 
excessive  brittleness. 

Soluble  Glass  is  formed  when  silica  is  heated  with 
twice  its  weight  of  carbonate  of  soda  or  potassa.  It 
derives  its  name  from  the  fact  that  it  is  for  the  most 
part  soluble  in  water. 

Salts  op  the  SssiiuiosiDE  of  Aluminum. 

Sulphate  of  Alumina  is  made  by  (dissolving  alumina 
in  dilute  sulphuric  acid.  It  enters  into  the  composition 
of  the  alums. 

Sulphate  of  Alumina  and  Potassa  {Aturri). — This 
important  salt  is  prepared  from  alnm  slate.  It  crystal- 
lizes in  octahedrons,  has  an  astringent  taste,  reddens  lit- 
mus paper.  It  dissolves  in  about  eighteen  times  its 
weight  of  cold,  and  less  than  its  own  weight  of  boiling 
water.  It  contains  twenty-four  atoms  of  water,  and, 
when  exposed  to  heat,  foams  up,  melting  in  its  own  wa- 
ter, which,  being  evaporated  away,  leaves  a  white  po- 
rous mass,  commonly  called  burnt  alum. 

In  the  same  way  that  the  sulphate  of  potassa  unites 
with  the  sulphate  of  alumina,  so  also  do  the  sulphates 
of  ammonia  and  of  soda,  forming  respectively  the  am- 
nioniacal  and  soda  alums.  The  alumina  in  the  common 
alum  may  be  replaced  also  by  the  sesquioxidea  of  iron, 
manganese,  or  chromium,  giving  iron,  manganese,  and 
chrome  alums. 

GmciNuK.     O-^l. 

Glncinum  is  obtained  by  decomposing  its  chloride  by 
means  of  sodium.  It  is  a  gray  malleable  metal;  specitit; 
gravity  2.1.  Its  fusing  point  is  a  little  below  that  of 
silver;  it  is  not  altered  by  exposure  to  air,  and  is  difS- 
cult  of  oxidation,  even  in  the  flame  of  the  blowpipe. 

ZlECONITJM,  Zi-—Si, 
is  procured  oy  acting  on  the  potassio-fiuoride  of  zirco- 
nium by  potassium  at  a  red  heat.    When  cold  the  prod- 
uct is  thrown  into  water,  and  the  zii'conium  separates 

What  is  Bolnble  glass?  What  are  the  proiierlies  of  snlphate  of 
alumina  and  potaasa?  What  other  alums  are  there?  How  isglu- 
cioum  made  ?     Hoiv  is  zirconium  prepsved  ? 
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in  the  form  of  a  blaok  powder,  having  the  appeai'anco 
of  phimbago.  It  is  difficultly  soluble  in  the  acids,  with 
the  exception  of  the  hydrofluoric,  which  readily  dis- 
solves it,  evolving  hydrogen.  Heated  in  the  atmosphere 
it  burns  into  zirconia. 

Thorium.  27i=:60. 
By  passing  a  current  of  dry  chlorine  over  a  mixture 
of  thorina  and  charcoal  powder,  a  Crystalline  chloride 
of  thorium  is  obtained,  which  is  easily  decomposed  by 
potassium,  and  the  product  is  thorium.  It  is  of  a  gray 
color,  metallic  lustre,  and  apparently  malleable.  It  is 
not  oxidized  by  water,  but,  when  heated  in  the  air,  it 
burns  into  thorina.  It  is  feebly  acted  on  by  sulphario 
acid,  and  scarcely  touched  by  nitric  acid ;  it  is  not  a(^ 
tacked  by  the  caustic  alkalies  at  a  boiling  heat.  Hydro- 
chloric acid  dissolves  it,  ivith  the  evolution  of  hydrogen. 

YiTEIUM,  J"=32, 
is  obtained  by  decomposing  its  chloride  by  potassium. 
It  is  gray,  brittle,  and  resists  the  action  of  air  and  water. 

Yttria  is  always  accompanied  by  M-bia  and  Jh-Ha, 
the  oxides  of  two  metallic  bases.  Erbium  and  Terbium. 
Erbia  is  pale  yelloiv  and  terbia  pale  red,  but  neither  has 
been  adequately  examined. 

CEF.iujr.     (7e=46. 

By  heating  chloride  of  cerium  with  potassium  an  al- 
loy is  obtained,  which  evolves  hydrogen  when  put  into 
water,  and  leaves  cerium  in  the  form  of  a  gray  metallic 
powder.  Heated  in  the  air  it  burns  into  an  oxide,  and 
it  is  soluble  in  the  weakest  acids,  with  the  evolution  of 
hydrogen. 

Lanthanum,  i«=44, 
is  associated  with  cerium.  All  its  salts  are  said  to  be 
colorless.  When  the  oxalate  is  heated  it  leaves  a  white 
carbonate,  which  at  a  higher  temperature  is  converted 
into  a  light-brown  anhydi-ous  oxide.  The  white  hydra- 
ted  oxide  attracts  carbonic  acid  so  rapidly  that  it  can 

What  are  the  properties  of  thorinm  ?  Wliat  other  metals  accom- 
pany yttvinm  ?     How  is  cerium  prepared  ?    What  are  the  properties 
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iiot  be  completely  'washed  upon  a  filter  ■without  conver- 
sion into  carbonate. 

DiDYMiirsr,  2^8=48, 
accompanies  lanthanum  and  cerium  in  the  minerals  con- 
taining the  latter  metal.    The  atomic  weights  attached 
to  these  metals  are  of  doubtful  accuracy. 

Thaliium,  Tl—2(iB, 
was  discovered  by  Craofcea  in  1861  on  account  of  the 
green  line  it  ^ves  in  the  spectroscope,  whence  its  name. 
It  exists  largely  in  iron  and  copper  pyrites,  and  in  many 
minerala,  aa  lepidolite.  It  vesemblea  cadmium,  being 
white  and  of  a  high  metallic  lustre ;  the  specific  gravity 
is  about  11.85,  It  is  one  of  the  softest  of  the  metals,  a 
piece  of  lead  scratching  it  readily;  the  melting  point  is 
681°;  it  welds  at  the  ordinary  temperature.  It  osid- 
-  izea  quickly  in  the  air;  does  not  decompose  water,  but 
evolves  hydrogen  from  steam  at  a  red  heat. 

It  forms  salts  with  acids,  which  are,  for  the  most  part, 
colorless  and  poisonous.  The  oxides  are  TlO  and 
7%0y  In  Marsh's  apparatus  it  gives  a  stain  resembling 
that  of  arsenic,  but  is  distinguished  from  it  by  exposure 
to  iodine,  which  turns  it  yellow;  the. yellow  iodide  is 
insoluble  in  sulphide  of  ammonium. 

Indium,  Jw^  36, 
was  discovered  by  Reich  and  Eichtei  m  arsenical  py- 
rites. It  is  a  lead  gray  metal,  ductde,  and  leiy  soft, 
giving  a  streak  on  paper  It  is  most  easily  detected 
by  its  spectrum,  which  contims  i  hne  of  indigo-blue 
light.  Its  chloride  is  \  ery  volatile  Heated  to  a  bright 
red,  the  metal  itself  volatilizes. 


Where  is  didymium  found?     What  ave  th 
discover}'  of  thallium?     Wlint  are  its  properties?    How  is  indiun 
dctcctei^  ? 
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LECTURE  LXI. 
Mangakesb. — Its  Seven  Oxides. — llie  I'eroxide  andils 
Applieations. — Mineral  Chameleon. — Adds  ofMaiv- 
ganese. — Baits  of  the  JProtoxide. —  Inom.-^Its  Natu- 
ral J^brms. — Heduction  on  the  Great  Scale, — fasi 
Iron. —  Wrmght  Iron. — Steel. — Fasdve  Iron. 

Mangasese.  JiJi— 23, 
MaNGAttese  may  be  procured  by  igniting  its  oxii^ea 
M'ith  a  mixtnre  of  lampblack  and  oil  in  a  poweiful  fur- 
nace, tbe  reduction  beiDg  somewhat  difficult.  It  is  a 
white  metal,  epeciBc  gravity  8.013,  requiring  a  white 
heat  for  its  fusion,  and  oxidizing  readily  in  the  air.  It 
is  remarkable  for  the  nnmber  of  oxygen  compounds 
which  it  yields ;  tbey  are, 
MnO...Mn^03...Mn02-.-MnO^...Mn^O-,...Mn^O^ 

...Mn^O.„ 
designated  respectively, 

protoxide  of  Mmiganeae.         I     Permanganic  Acid. 

Sesquioxide  of  Manganese.  lied  oxide  of  Manganese. 

Peroxide  of  Manganese.  1     Varvicite. 

Manganic  Acid,  | 

Of  these,  the  protoxide  may  be  made  by  passing  hydro- 
gen gas  over  red-hot  peroxide  of  manganese.  It  is  of  n 
green  color,  is  a  basic  body,  and  forma  a  series  of  salts, 
of  which  the  sulphate  is  used  in  dyeing.  It  is  isomor- 
phows  with  magnesia  and  zinc.  Sulphide  of  ammonium 
yields  with  it  a  flesh-colored  precipitate,  feiTocyanide  of 
potassium  a  white,  and  the  chloride  of  soda  a  dark 
brown  hydrated  peroxide.  The  sesquioxide  is  made  by 
igniting  the  peroxide,  as  will  be  presently  explained. 
The  red  oxide  and  varvicite  occur  as  minerals,  but,  of 
the  whole  series,  the  peroxide  is  by  far  the  most  vahi- 
iible. 

Peroxide  of  Manganese,  Mn  O^^ii, 
is  found  abundantly  as  a  mineral,  and  passes  in  com- 
merce nnder  the  name  of  black  oxide  of  manganese,  a 
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name  iuilicatiug  its  color.  It  is  insoluble  in  water,  and 
when  exposed  to  a  red  heat  gives  off  one  fourth  of  its 
oxygen,  formiDg  the  sesquioxide,  as  stated  above,  the 
action  being 

On  this  fact  is  founded  one  of  the  processes  for  obtain- 
ing oxygen  gas.  Heated  with  hydrochlorio  acid,  it 
yields  chlorine,  as  has  been  explained.  It  was  former- 
ly called  glass-maker's  soap,  from  the  ch-cumstance  that 
it  removes,  when  added  to  melted  glass,  the  stain  of 
protoxide  of  iron,  by  turning  it  into  peroxide,  and  causes 
the  glass  to  become  colorless ;  but  if  too  great  a  propor- 
tion of  peroxide  of  manganese  be  used,  the  glass  assumes 
an  amethystine  odor. 

Peroxide  of  manganese,  ivben  ignited  with  canstic 
potassa  in  a  platinum  crucible,  yields  a  substance  known 
aa  Mineral  Chameleon,  which  is  of  a  green  color.  Wa- 
ter dissolves  from  it  the  Manganate  of  Fotassa,  wbich 
is  of  a  beautiful  gv£ss-green,  the  solution  speedily  pass- 
ing  through  a  variety  of  shades  of  purple,  blue,  and  red. 
When  mineral  chameleon  is  difisolved  in  Lot  water,  a 
red  solution  is  obtained  of  the 

Permanganate  of  Potmsa.  The  solution  of  this  salt 
is  now  much  employed  in  volumetric  analysis.  It  read- 
ily parts  with  its  oxygen  to  organic  matter  and  deoxi- 
dizing bodies  generally ;  it  loses  its  color,  and  the  brown 
hydrated  peroxide  of  manganese  ia  deposited,  A  stand- 
ard solution  is  employed  for  detennining  the  amount 
of  organic  matter  in  air  and  water.  It  is  also  used  as  a 
disinfectant.  From  the  permanganate  of  baryta  a  crim- 
son solution  of  Fermanganio  Acid  may  be  procured  by 
the  aid  of  sulphuric  acid. 

Among  other  compounds  of  manganese,  the  follow- 
ing may  be  named : 

ProtocMoride  of  Manganese,  JI/iiCT  —  63.G 
Pefdiloriiie  "  ■  "  M;j(7;,=304.5 
Pevfluoride      "  "         jyniFi,  =  190 

The  protochloride  may  be  made  by  acting  on  the  per- 
oxide with  hydrochloric  acid,  evaporating  to  dryness, 
and  fusing  at  a  red  heat.    On  digesting  with  water,  the 

Of  whnt  nsc  ia  Hi  What  is  mineral  chamelson  P  Wliat  are  its 
properties?  Of  iviiat  uso  is  permanganate  of  powsEaf  How  may 
tlie  eiiloridea  of  manganese  be  formed? 
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proto chloride  dissolves,  and  any  impurity  of  iron  is  left 
in  the  state  of  oxide.  Tlien,  by  crystallizing,  the  chlor- 
ide can  be  obtained  in  pink  crystals.  The  perohloride  is 
produced  when  permanganate  of  potassa,  oomnion  salt, 
and  sulphuric  aeid  are  neated.  It  is  a  dark  greenish 
and  volatile  liquid.  The  perfluoride  is  obtained  by  dis- 
tilling sulphuric  acid,  permanganate  of  potassa,  and  fluoi' 
Bpar;  it  is  a  gveenish-yellow  gas. 

Salts  of  the  Peotoxide  op  Manganese. 

JProtornkpThatQ  of  Manganese,  formed  by  dissolving 
protoxide  of  manganese  in  sulphuric  acid.  The  figure 
of  its  crystals  depends  on  the  temperature  at  which  they 
were  formed.  They  have  a  rose-colored  tint.  It  is  ii)- 
soluble  in  alcohol,  very  soluble  in  water,  and  is  nsed  by 
the  dyers  to  produce  a  fine  brown  color. 

There  is  but  one  sulphide  of  manganese.  It  is  ob- 
tained as  a  hydrate  when  manganese  is  precipitated  by 
sulphide  of  ammonium  {MnS,SO).  It  is  of  a  flesh-red 
color. 

Ikon.    Fe—%^. 

Iron  sometimes  occurs  in  a  native  state  and  as  me- 
teoric iron,  also  as  oxide,  carbonate,  sulphide,  etc.  It  is 
one  of  the  most  abundant  of  the  metals.  Much  of  what 
is  found  in  commerce  is  deiived  from  clay  iron-stone, 
■which  ia  an  impure  carbonate  containing  silica,  alumina, 
magnesia,  and  other  foreign  substances.  The  native 
peroxide  of  iron,  red  haematite ;  the  hydrated  peroxide, 
brown  haamatite ;  the  black  oxide,  or  magnetic  iron  ore, 
furnish  some  of  the  finer  varieties  of  the  metal. 

From  clay  iron-stone  metallic  iron  is  procured  by  the 
action  of  carbonaceous  matter  and  lime  at  a  high  tem- 
perature. The  ore,  having  been  roasted,  ia  thrown  into 
the  furnace  with  coal  and  lime.  If  the  iron  is  in  the 
ore  as  a  silicate,  the  lime  decomposes  it  at  those  high 
temperatures,  foi-ming  a  slag  of  silicate  of  lime,  and  the 
oxide  of  iron  set  free  is  instantly  reduced  by  the  car- 
bonaceous matter ;  the  metal,  sinking  down,  protected 
by  the  slag,  is  let  off  by  opening  a  hole  in  the  bottom 
of  the  furnace. 

What  are  the  properties  of  the  fluoride  'f  What  is  tlie  use  of  tliii 
protoBulphate  ?  What  are  the  forma  tinder  which  iron  occurs  ?  How 
ia  it  proenred  from  clay  iroa-atone  ? 
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The  quantity  produced  in  Great  Britain  may  be  esti- 
mated at  3,000,000  tons  per  annum. 

The  substance  thus  produced  is  not  pure  iron ;  it  con- 
tains carbon  and  other  impurities,  and  passes  under  the 
name  of  cast  or  pig  ii-on.  It  is  purified  by  melting  and 
sudden  cooling,  which  converts  it  into  Jine  metai;  this 
tine  metal  ia  then  melted  under  esposure  to  air,  which 
bums  off  the  carbou  as  carbonic  oxide,  and  the  mass, 
from  being  perfectly  fluid,  becomes  coherent.  It  ia  now 
sabjected  to  violent  mechanical  action,  such  as  liammer- 
ing  or  rolling;  this  forces  out  or  burns  off  the  impari- 
ties, increases  its  tenacity,  and  it  becomes  the  wrought 
iron  of  commercG, 

Caei  Iron  melts  readily  at  a  bright  red  heat,  and  ex- 
pands in  solidifying;  on  thiadepeud'5  its  valuable  appli- 
cation for  making  castings.  Kept  under  the  surface  ot 
salt  water  for  a  length  of  time,  cast  iron  btcomes  eon 
verted  into  a  body  somewhit  like  plombaf,o,  due  piob 
ably  to  the  removal  of  the  iion  as  a  chJoiide,  the  cii 
bon  which  is  left  behiod  is  sometimes  obseived,  as  it 
dries,  to  become  hot — a  phenomenon  to  be  accounted 
for  by  its  porous  state.  These  facts  hi^e  been  fiequcnl 
]y  verified  in  the  case  of  c^nnon  which  ha\e  hiii  ioi 
years  at  the  bottom  of  the  sei  p,  94 

There  are  two  forms  of  cast 
iron,  white  and  gray ;  the  toi 
mer  contains  about  five  pei 
cent,  of  carbon,  the  latter  three 
or  four.  The  structure  of  cast  ■ 
iron  is  crystalline,  as  ia  show  n 
in  Mff.  284. 

J\ire  Iron  may  be  obtained  by  dccmnpo-,iii_r  1 1 1  ipi 
tated  peroxide  of  iron  by  hjdiogen  ^i  ,  aud  inching 
the  result.  The  metalhas  abluish  coloi,  is  moie  ductile 
than  malleable,  and  is  the  most  tenacious  of  alt  the  ele 
ments.  It  becomes  very  soft  at  a  red  heat,  and  possess- 
es the  welding  property;  on  this  depends  the  artofforg- 
ing  it.  Its  specific  gravity  is  7.8.  It  ia  one  of  tho  few 
magnetic  bodies,  and,  when  soft,  its  magnetism  is  so 
transient  that  it  may  gain  and  lose  that  quality  a  thou- 

What  are  cast  iron  end  fine  metal?  How  ia  wrought  iron  made? 
What  are  the  properties  of  cast  iron  ?  Wliat  changes  does  it  under- 
go in  aea-water  ?    How  maj  pure  iron  be  obtained  ? 
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sand  times  in  a  minute.  Tlie  melting  point  of  iron  is 
very  iigb,  about  3300°.  In  the  mode  of  preparing  it 
P_.^  „g^  from  c^t  iron  it  does  not  under- 

go tlie  process  of  fusion,  but  its 
particles  are  simply  welded  to- 
gether. The  fibrous  structure 
which  wrought  iron  posseases, 
Fig.  285,  is  tie  chief  cause  of  its 
gi-eat  tenacity;  s.  wire  ^th  of 
an  inch  in  diameter  will  bear  a 
weight  of  sixty  pouncis. 

^tee^.which  is  a  valuable  preparation  of  iron,  is  made 
by  placing  alternate  strata  of  iron  bars  and  charcoal 
powder  in  a  close  box  and  beeping  them  red-hot.  The 
process  is  known  by  the  name  of  cementation,  Tho 
iron  gains  about  1.5  per  cent,  of  carbon.  Steel  is  much 
more  fusible  than  iron,  and  becomes  excessively  hard 
and  brittle  by  being  brought  to  a  red  beat,  and  then 
suddenly  quenched  in  cold  water.  When  allowed  to 
cool  slowly  it  ia  quite  soft,  but  vai-ious  degrees  of  elas- 
ticity and  hardness  may  be  given  to  the  hardened  steel 
by  the  process  of  tempering,  which  is  effected  by  again 
heating  it  up  to  a  fixed  point.  Various  colors  form  on 
the  surface,  which  are  an  index  of  the  temper;  at  460°, 
for  example,  the  color  is  straw,  and  the  hardness  is  suit- 
able for  fine  cutleiy. 

The  quality  of  steel  is  tested  by  washing  its  clean  sur- 
face with  dilute  nitric  acid,  which  ought  to  produce  a 
uniform  gray  color.  If  the  steel  be  imperfect  and  con- 
tain veins  of  iron,  they  are  shown  by  their  difference  of 
color;  and  this  ia  the  cause  of  the  veined  appearance 
of  Damascus  steel.  Case-hardening  is  an  operation 
performed  upon  wrought  iron,  by  which  it  is  superfi- 
cially converted  into  steel.  It  is  accomplished  by  heat- 
ing to  redness  in  contact  with  charcoal  powder,  or  by 
the  aid  of  ferrocyanide  of  potassium. 

By  placing  a  piece  of  platinum  in  nitric  acid  of  a  spe- 
ciflo  gravity  of  1.34,  and  then  bringing  an  iron  wire  in 
contact  with  it  and  withdrawing  the  platinum,  the  iron 

What  is  the  differenca  in  Etrnctuve  of  cast  and  wrought  iron? 
How  is  steel  made,  and  what  are  its  properties?  What  ia  the  pro- 
cess of  lemparing?  Hoiv  is  the  quality  of  steel  tested?  What  is 
cftse-hnrdoning?    How  may  iron  be  rendered  passive? 
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assumes  a  passive  or  allotropic  state.  It  now  exhibits 
no  tendency  to  unite  ivith  oxygen,  can  not  precipitate 
copper  from  its  solutions,  and  simulates  tlie  properties 
of  platinum  and  gold. 


LECTUKE  LXn. 
Ieon. —  Oofides  of. — Three  Oxides  and  Mrria  Add. — 
Tests  for  Iron. — SaUs  of  the  JProtoxide  and  Pe/roxr 
ide. — 7'he  Sulphides. — Nickel. — Its  Heductionfrom 
the  Oxalate.— -Cosujr.  —  Smalt. — Zaffre. — Sympa- 
iJietic  Inh. — Zmc. — Distillation  of. — Salts  of  the  l*ro- 
toxide. 

Iron  and  Oxtgen, 
Ihon  burns  with  rapidity  in  oxygen  gas,  as  may  be 
pi'oved  by  igniting  a  piece  of  it  in  wire  coiled 
into  a  spiral  form  in  ajar  of  that  gas,  Mg.  288, 
when  it  will  be  found  to  talce  Sre  and  bum 
1  beautifully.  In  atmospheric  air,  under  favora- 
circumstances,  the  combustibility  of  this 
I  metal  may  be  proved.  Thus  fine  iron  filings, 
I  sprinkled  in  the  flame  of  a  spirit-lamp,  burn 
'  with  scintillations.  Exposed  to  air  and  moist- 
re,'it  slowly  lusts     Iron  yields  fom  ovides 

Protoxide  FeO   —  3G 

Blaik  OMiie  tt^O^—lW 

Peiosiae  Fe  U,=  80 

Feiric  Acid  FeO^  =  52 

I^rofoxidi.  oflxjn  J10=SQ 
This  o\ide  e\i'it'',  united  with  audi,  m  ^n  extensive 
sei'ies  of  salts,  from  which  it  is  thrown  down  as  a  hy- 
drate by  alkalies,  and  is  then  of  a  white  color,  which 
darkens  as  it  passes  into  the  state  of  peroxide.  Ferro- 
cyanide  of  potassium  gives  a  white  precipitate,  and  the 
ferridcyanide  a  deep  blue.  Sulphide  of  ammonium  gives 
a  black  snlphide  of  iron.  Sulphureted  hydrogen  and 
gallic  acid  give  no  precipitate, 

Hoiv  may  iroi 
jield?    What  a: 
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Black  Oxide  of  Iron.  Fe^^O^^UQ. 
This  oxide,  known  also  as  tlie  magnet  or  loadstone, 
is  found  as  a  minerai.  It  is  a  componnd  of  the  protox- 
ide and  peroxide.  The  scales  of  iron  fonod  in  black- 
smiths' forges  mainly  consist  of  it.  It  may  also  be  pro- 
dneed  by  decomposing  the  vapor  of  water  by  metallic 
iron  in  a  red-hot  tube, 

P&'ox%d&  of  Iron,  -M'^Os^SO, 
is  found  in  nature  as  oligist  iron,  or  as  a  hydrate.  It 
may  be  produced  artificially  as  a  hydi'ate  by  precipita- 
tion from  a  solution  of  persulphate  of  iron  by  a  caustic 
or  carbonated  alkali,  or  in  a  pure  state  by  igniting  green 
vitriol ;  there  is  then  left  a  red  powder,  kcown  as  rouge, 
aaed  for  polishing  metals.  This  oxide  is  not'magnetic; 
it  is  the  basis  of  a  series  of  salts,  which  yield,  with  alka- 
lies, a  brown  hydrated  peroxide ;  with  ferrocyanido  of 
potassium,  Prassian  blue;  with  eulphocyanide  ofpotas- 
siam,  a  blood-red  solution ;  with  tannin  and  gallic  acid, 
a  black.  Tins  last  is  of  considerable  interest,  constitu- 
tii5jr  the  basis  of  ordinary  ink. 

The  presence  of  iror;  can  always  be  determined  by 
passing  it  into  the  condition  of  peroxide,  and  applying 
the  foregoing  tests. 

Fei-ric  Acid,FeO^=52, 
is  prepared  by  heating  peroxide  of  iron  with  four  parts 
of  nitrate  of  potassa.  The  result  is  treated  with  cold 
water,  which  yields  a  red  solution  of  the  ferrate  of  po- 
tassa. This  slowly  decomposes  in  the  cold,  and  very 
rapidly  when  the  solution  is  warm.  TJie  ferrate  of 
ryta  precipitates  when  the  potassa  solution  is  acted  on 
by  a  soluble  salt  of  barj'ta.  It  is  a  permanent  body,  of 
a  crimson  color. 

Among  other  compounds  of  iron,  the  following  may 
be  named : 


"Wliftt  is  the  mnenet?    Whntave  tlie  natural  forms  of  the  per 
ide?    How  may  it  be  prepared  ?     For  what  is  it  used?     What  are 
"    How  is  ferric  acid  made,  and  what  ore  its  proper- 
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Protoeldoride  of  Ir  a  Fetl    =63.5 

Perchloride  le  C/j  =  I62.5 

Protiodido  Fel     =154 

Protosulphide  leb     =  i4 

SesqniBnl[)liide  te^S,  =104 

Bisulphide  leb^    =  60 

Of  these,  the  protochloiide  is  foimed  by  passing  hydro- 
chloric acid  ovei  red  hot  iron  it  i^>  white,  bat  forms  a 
green  solution  in  water.  The  perohlontie,  in  solution, 
by  dissolTJDff  peroxide  of  iron  in  hydrochloric  acid. 
The  protiodide,  by  boiling  an  excess  of  iron  filings  with 
iodine,  and  evaporating ;  it  forms,  on  cooling,  a  dark 
gray  mass.  Its  solution  absovbs  oxygen  from  the  air. 
The  protosulphide  of  iron,  which  is  much  used  for  form- 
ing sulphureted  hydrogen,  may  be  made  by  heating  a 
mass  of  iron  to  a  white  lieat,  and  applying  to  it  roU  sul- 
phur, and  receiving  the  melted  globules  in  a  bucket  of 
water;  it  may  also  be  procured  by  igniting  iron  filings 
with  Bnlphur.  The  bisulphide  occurs  abundantly  as  a 
mineral  of  a  golden-yellow  color,  crystallized  in  cubes 
or  allied  forms,  and  known  as  Iron  J^friles.  It  fi'e- 
quently  assames  the  fonn  of  various  organic  remains, 
being  one  of  the  common  petrifying  agents,  but  in  this 
state  differs  essentially  from  the  cubic  pyrites  both  in 
color  and  oxidizability,  these  fossil  remains  rapidly  de- 
caying under  exposure  to  the  air,  but  the  other  form  be- 
ing unacted  on.  Besides  these,  there  is  a  sulphide  of 
iron  which  is  magnetic. 

Salts  of  the  Pkotoxide  of  Iron, 
Carbonate  of  Iron  may  be  obtained  from  the  sulphate 
by  an  alkaline  carbonate,  falling  as  a  whitish  precipitate. 
It  turns  brown,  however,  from  the  absorption  of  oxy- 
gen. It  occurs  as  a  mineral  in  spathic  iron,  and  dis- 
solves in  water  containing  carbonic  acid,  forming  chaly- 
beate waters. 

I'i-otostdpAaie  of  Trow —  Copperas —  Green  Vitriol — 
is  prepared  largely  by  the  oxidation  of  iron  pyrites,  and 
cryst^izes  in  oblique  prisma  of  a  grass-green  color.  It 
has  a  styptic  taste,  dissolves  in  twice  its  weight  of  cold 
and  three  fourths  its  weight  of  boiling  water.  It  con- 
Name  some  olher  compounds  of  iron.  How  may  these  compounds 
bo  formed  ?  What  is  iron  pyrites  2,  What  forms  does  it  present  ? 
How  is  carbonate  of  iron  formed  ?     How  is  the  sulphate  made  ? 
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■tarns  seven  atoms  of  ivater.  At  a  loiv  red  heat  it  be- 
comes anhydrous.  In  this  state  it  is  used  for  the  mau- 
wfacture  of  the  Nordhauseii  sulphuric  acid.  It  is  em- 
ployed as  a  developer  in  collodion  photography. 

Salts  of  toe  Peeoxide  op  Iron. 

Persulphate  of  Iron  may  be  formed  by  adding  to  a 
solution  of  the  protosulpbate  of  iron  half  an  equivalent 
of  sulphuric  acid,  and  perosidizing  by  nitric  acid.  With 
water  it  forms  a  red  solution. 

The  native  oxides  of  iron  are,  1.  Magnetic  iron  ore; 
2.  Specular  and  micaceous  iron  ore,  found  of  singalav 
beauty  at  Elba ;  3.  HEematite,  or  red  ironstone,  compris- 
ing several  hydi'ated  varieties ;  4.  Bog  ore,  found  in 
marshy  places  and  of  recent  origin. 

NiCKEi,.    M=ia. 
NiCKJiL  may  be  obtained  by  igniting  its  oxalate  in  a 
covered  crucible,  carbonic  acid  escaping,  and  the  metal 
being  reduced. 

one  atom  of  the  oxalate  of  nickel  yielding  one  of  the 
metal  and  two  of  carbonic  acid  gas. 

Nickel  is  a  white  metai,  requiring  a  high  temperature 
for  fusion.  It  is  magnetic,  and  has  a  specific  gravity  of 
8.5.  An  alloy  of  nickel  and  iron  forms  a  principal  me- 
tallic ingredient  in  most  aerolites,  and  in  the  masses  of 
native  iron  found  in  various  parts  of  the  world,  the 
nickel  being  from  1.5  to  8.5  per  cent.  With  copper  it 
forms  a  hard  white  alloy, used  for  coinage  in  the  united 
States.  German  silver  consists  of  copper  8  parts,  nickel 
3  to  4  parts,  zinc  3j  parts.  It  unites  with  oxygen,  fonn- 
ing  a  protoxide  and  aesquioxide,  the  former  yielding 
salts  of  a  green  color ;  the  latter  is  an  indifferent  body. 

Salts  of  the  Protoxide  or  Nickel. 

Sulphate  ofN'ickel  crystallizea  from  its  solutions  with 
seven  atoms  of  water  in  slender  green  prisms,  which, 
when  exposed  to  the  sun,  change  into  an  aggregate  of 
octahedrons,  becoming  opaque. 

What  are  its  uses  ?  How  is  the  persulphate  obtnined  ?  Wliac  ave 
the  natiTe  oxides  of  iron  ?  How  is  nickel  prepared  ?  Wliac  are  its 
properties?  When  does  it  occur  with  irou?  What  cliaiige  takes 
pifice  in  sulphate  of  nickel  in  sunlight  ? 
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Cobalt,  Co=30, 
is  generally  associated  with  iron  and  nictel,  and  witb 
them  occurs  in  meteoric  iron.  Like  the  preceding  met- 
al, it  may  be  obtained  by  igniting  its  oxalate  in  a  cov- 
ered crucible,  carbonic  acid  being  disengaged  and  me- 
tallic cobalt  ieft.  It  is  a  pinkish-white  metal,  requiring 
a  high  temperature  for  fusion.  Its  specific  gi-avity  is 
8.9,  It  is  magnetic.  It  forma  a  protoxide  and  a  sesqui- 
oxide,  the  former  being  the  basis  of  a  class  of  salts 
■wbich  are  chieBy  of  a  pink  or  blue  color.  Smalt  is  a 
silicate  of  cobalt,  and  Zaffre  an  impure  oxide ;  the  for- 
mer is  used  to  communicate  to  paper  a  f^nt  blue  tinge, 
and  the  blue  color  which  the  oxide  gives  to  glafis  is 
taken  advantage  of  in  coloringthe  common  yarietiea  of 
earthen-ware.  Cobalt  is  easily  detected  upon  this  prin- 
ciple. 

The  chioride  of  cobalt  may  be  made  by  dissolykig  the 
oxide  or  the  metal  in  hydrochloric  acid.  It  is  a  pink 
solution,  which  turns  blue  when  dried.  It  forms  a  beau- 
tiful eympatketio  ink,  for  letters  written  with  it,  espe- 
cially on  paper  ■which  has  a  pinkish  tinge,  are  entirely 
invisible,  but  become  of  a  bright  blue  color  when  the 
paper  is  warmed,  the  letters  again  fading  as  they  be- 
come cool  and  moist. 

Zinc.     Zn^n2. 
Zinc  is  a  very  abundant  metal,  immense  quantities  of 
it  occurring  in  the  state  of  Hew  Jersey  and  in  various 
other  places.    From  zinc  blende,  which  is  a  sulphide, 
converted  by  roasting  into  an  oxide,  or  fi'om     j^.  j^j 
the  carbonate  brought  into  the  same  state  by  s     '     ' 
ignition,  the  metal  may  be  obtained  by  the  I 
proceea  of  distillation  by  descent.    The  oxide, 
mixed  with  charcoal,  is  introduced  into  a  i 
cible  which  has  an  iron  tube  passing  throi  _ 
a  hole  in  its  bottom, -as  seen  in  Mg.  287,  and, 
the  lid  being  luted  on,  the  temperatni 
raised  to  a  white  heat,  and  the  zinc,  distilling 
over,  may  be  condensed  in  water. 

What  are  tbo  t 
zinc  obtniupd? 
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Zinc  is  a  Mulsh-white  metal,  wiiich  melts  at  about 
770",  and,  if  exposed  to  a  bright  red  heat  iu  the  air, 
takes  lire  and  burns  with  a  brilliant  pale-green  ilame. 
Its  speeiflo  gravity  is  about  1.  At  common  temper- 
atures it  is  brittle,  but  it  may  be  rolled  into  thin  sheets 
at  about  300°,  and  then  retains  its  malleability  when 
cold.  During  its  combustion  there  arises  from  it  a 
great  quantity  of  flocculent  oxide,  which  formerly  went 
under  the  name  of  nihil  album,  or  philosopher's  wool. 
Among  the  compounda  of  zinc  jnay  be  mentioned 

ProWxido  of  Zinc ZnO  =10 

Chloride  "   Z7iCT=67.5 

Sulphide  "    ZnS  =43 

Of  tiiese,  the  oxide  is  formed,  as  has  been  said,  dnr- 
iog  the  combustion  of  zinc.  It  is  also  precipitated  as  a 
white  hydrate  from  its  soluble  salts  by  potassa  or  soda, 
Bolubie  in  excess  of  the  preeipitaDt,  The  cbloiide  may 
be  made  by  the  action  of  hydrochloric  acid  on  metallic 
zinc.  It  is  used  in  the  arts  for  soldering  nnder  the 
name  of  butter  of  zinc.  The  sulphide  occurs  as  a  min- 
eral nnder  the  name  of  zinc  blende. 

If  pieces  of  hot  iron  be  dipped  into  melted  zinc,  they 
acquire  the  appearance  of  tin  plate,  for  which  they  are 
a  valuable  substitute,  inasmuch  as  the  zinced  iron  is 
prevented  from  oxidation  and  rusting  by  the  electrical 
relations  of  the  metals.  This  is  commonly  known  as 
galvanized  iron. 

Salts  of  the  Peotoside  of  Zinc 
Sidphate  of  Zinc — White  Yilriol. — ^This  salt  is  formed 
in  the  process  for  procuring  hydrogen  gas  by  the  action 
of  dilute  sulphuric  acid  on  zinc.  It  ciystallizes  in  .color- 
less prisma  with  seven  atoms  of  water,  and  is  soluble  in 
two  and  a  half  parts  of  cold  water.  It  has  a  styptic 
taste,  and  reddens  vegetable  blues.  There  are  three 
different  subsulphates  of  this  oxide. 

Silicate  of  Zinc,  the  electric  calamine  of  mineralo- 
gists, remarkable  for  becoming  electric  when  heated. 

What  ia  remarkable  in  rolling  it  ?  Wlmt  is  nihil  album  ?  Hoiv 
ure  the  oxide  and  chloride  formed?  Whnt  is  Kalvaniied  ivoH  f 
How  is  white  vitviol  made  ?     What  is  cloctvie  caliiminc  ? 
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LECTUEE  LXin. 
Cadmium. — Soiitces  of. — ItaVolatility. — Tin, — Block 
and  Grain. — Its  Fi-opertieB. — JProtoxide  and  Stannic 
Acid. — GMorides  of  Tin. — Mosaic  Gold. — lu  Uses. 
— Chromium. —  Ghromelron. — Green.  Oxide  atidita 
Uses.  —  Chromie  Acid. — Salts  of  the  Sesquioxide. — 
Salts  ofCkromia  Aeid. — VANAUiusr. — Tungsten. — 
CoitrjiBiuM.  —  Niobium.  —  Ilmbnium. — Nouiirai.  — 
Pelopium. — DiajSium. — Molybdenum. — Titanium. 

Cadmium.     (7(f=z56. 

This  metal  was  disoovered  in  1817by  Stromeyei-.  It 
is  contained  in  certain  ores  of  zinc,  and,  being  more  vol- 
atile tJian  zinc,  passes  over  with  tlie  first  portions  of 
metal,  from  which  it  may.  be  separated  by  dissolving  it 
in  dilate  sulphuiio  acid,  and  passing  sulphide  of  hydro- 
gen through  the  solution;  the  sulphide  of  cadmium 
thus  precipitated  is  then  dissolved  in  hydrochloric  acid, 
and  precipitated  by  carbonate  of  ammonia.  This  pre- 
cipitate, alter  having  been  washed  and  dried,  is  mixed 
with  charcoal,  and  reduced  in  an  earthen-ware  retort ; 
the  cadmium  passes  over  at  a  dull  red  heat. 

Cadmium,  in  its  physical  properties,  much  resembles 
tin,  but  it  is  rather  harder  and  more  tenacious;  it 
crackles  when  bent.  Its  specific  gravity  is  from  8,60  to 
8.69.     It  fuses  below  the  temperature  required  by  tin. 

Bromide  and  iodide  of  cadmium  are  of  use  in  pho- 
tography. 

Tin.  Sn=^0. 
Tin  has  been  known  froni  remote  ages,  and  was  ob- 
tained at  a  very  early  period  from  Spain  and  Britain 
by  the  Phosnicians,  It  occurs  most  abundantly  in  Corn- 
wall, the  mines  of  which  aiford  about  3000  tons  annu- 
ally. It  is  also  foand  in  Gei-many,  Bohemia,  and  Hun- 
gary ;  in  Chili  and  Mexico,  in  Malacca,  India,  and  the 
island  of  Banea,     The  native  peroxide  ia  the  principal 
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ore  of  tin.    It  may  be  reduced  by  the  action  of  chiir- 
coal  at  a  high  temperature. 

Tin  is  a  white  metal  like  silver.  It  oxidizes  in  the 
air  superflcially,  the  action  ceasing  as  so'on  as  a  thin 
crust  is  formed.  At  a  red  heat  it  oxidizes  rapidly,  form- 
ing j?!/(iy_po«o(^ej',  need  for  polishing  metals.  It  is  very 
malleable,  and  may  be  rolled  into  thin  foil.  "When  bent 
backward  and  foi-ward  it  emits  a  crackling  sound.  It 
is  very  soft ;  its  speciBo  gravity  7.2.  It  melts  at  442°, 
and  burns  when  raised  to  a  high  temperature  in  the  air. 
Some  of  its  compounds  are 

Pratoxido  of  Tin  Sj>0   =  6S 

SesqiiioxidQ     "  Sj  03  =  124 

Peroside         "  ^lO^  ^  CO 

Protoohloride  "  '  /  "~  80  5 

PereUoride     "  ''/,=I2l 

Protosulphide "  -,   ^    =  66 

PeraalpMde     "  ^j  '^5  =  82 

The  protoxide  may  bo  made  by  precipitation  from 
the  protochloride  by  carboDate  of  potassa.  It  is  to  be 
washed  with  warm  water,  and  its  water  finally  driven 
off  by  a  cun'ent  of  carbonic  acid  gas  at  a  red  heat.  It 
is  of  a  black  color,  is  easily  set  on  fire  in  atmospheric 
air,  passing  into  the  condition  of  peroxide.  Its  salts  re- 
duce the  noble  metafs  to  the  metallic  state,  when  added 
to  their  solutions,  and  yield  with  the  chloride  of  gold 
the  Furph  ofCassius,  The  peroxide,  called  also  stan- 
nic acid,  from,  exhibiting  weak  acid  properties,  may  be 
made  by  the  action  of  nitric  acid  on  tin.  It  is  a  hydrate 
in  the  form  of  a  white  powder,  insoluble  in  acids  and 
water;  but  if  obtained  by  precipitation  from  perohlo- 
ride  of  tin,  it  is  soluble  both  in  acids  and  alkalies. 
Melted  with  glass,  it  forma  a  white  enamel. 

The  protochloride  may  be  made  by  dissolving  tin  in 
warm  hydrochloric  acid.  -The  solution,  when  concen- 
trated, deposits  crystals  of  the  hydrated  protochloride. 
These  are  decomposed  when  heated.  The  anhydrous 
protochloride  may  be  made  by  passing  hydrochloric  acid 
gas  over  metallic  tin  at  a  red  heat.    The  perehloride  is 

Stabs  the  pTOpertios  of  tin.  "What  is  tlie  crackling  of  tin  ?  How 
is  tiio  protoxide  made,  and  liow  do  its  anlta  net?  How  is  stannic 
acid  made?  Wlint  effect  Jias  it  in  glaes?  IIoiv  is  the  protoclilo- 
lide  mtide f 
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procured  by  distilling  eight  parts  of  tin  with  twenty- 
four  of  corrosive  Bublimate.  It  is  a  smoking  fluid,  and 
was  formerly  called  the  Fuming  J.i^ior  of  Idbavius. 
A  solution  of  this  substance,  much  used  in  dyeing,  is 
made  by  dissolving  tin  in  nitromuriatic  acid,  or  by 
warming  a  solution  of  the  protoehloride  with  a  little 
nitric  acid. 

Of  the  sulphides,  the  first  may  be  formed  by  poming 
melted  tin  on  sulphur,  and  igniting  the  powdered  result 
with  more  siilphur  in  a  crucible.  It  is  a  biuish-gray 
compound.  The  persulpMde  is  obtained  when  two 
parts  of  peroxide  of  tin,  two  of  sulphur,  and  one  of  sal 
ammoniac  are  ignited  in  a  retort.  It  is  a  body  of  a 
golden-yellow  color,  formerly  called  Aunim  Mmivum, 
or  Mosaic  gold,  in  small  scales  of  a  greasy  feel,  and  is 
used  for  exciting  electrical  machines,  being  much  more 
energetic  than  the  common  amalgam,  though  less  dura- 
ble in  its  power. 

Tin  furnishes  several  valuable  metallic  combinations ; 
Tin  Plate  is  sheet  iron  superflcially  alloyed  with  it. 
The  soft  solders  are  alloys  of  lead  and  tin.  Pewter  is 
an  alloy  with  antimony. 

MoirS  Metallique  is  tin  plate  which  has  been  super- 
ficially acted  on  by  an  acid  so  as  to  display  by  reflected 
light  the  crystalline  texture  of  the  tin. 

CHEOJiiDii.  Cr— 26. 
Cheomium  occurs  abundantly  near  Baltimore  as  the 
chfomate  of  iron  (6%J*ome-S'o«),  more  rarely  as  the  red 
chromate  of  lead.  The  metal  may  be  obtained  by  the 
action  of  charcoal  on  the  oxide  at  a  high  temperature, 
and  is  of  a  yellowish- white  color.  It  takes  its  name 
from  its  tendency  to  produce  highly-colored  compounds. 
It  is  very  infusible,  and  has  a  specific  gravity  of  about 
0.    Its  compounds  to  be  here  described  are 

Sasquioxida  of  Chromium Cr-^Os  —  76 

Chromic  Acid OrO,   =  SO 

SeEquicUoride  of  Chrominm OrsCl^—lSS.^ 

37ie  sesquioxide  may  be  prepared  by  heating  the 

Wliat  is  tlie  Liquor  of  Libaviue  ?  How  is  Mostiic  gold  made,  and 
wliat  is  its  use  ?  What  is  Moirfe  Mefidliqne  ?  What  natural  forms 
does  chromium  present?  What  is  the  origin  of  ils  name  ?  How  is 
the  seaqnioxide  prepared? 
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chromate  of  morcaiy  to  redness  in  a  crucible.  The 
mercury  is  driven  off,  and  tlie  chromic  acid  partially  de- 
oxidized, leaving  a  beautiful  grass-green  powder,  the 
sesquioxide.  It  may  also  be  obtained  by  heating  the 
bichromate  of  potassa  red-hot,  and  washing  the  residue 
in  water ;  also  as  a  hydrate,  by  boiling  a  solution  of  bt- 
chvoraate  of  potassa  with  hydrochloric  acid,  and  adding 
alcohol ;  the  mixture  becomes  of  a  green  color,  and  am- 
monia precipitates  the  hydrated  sesqpioxide.  It  is  a 
went  base,  yielding  a  class  of  salts  of  a  bitie  or  green 
color.  In  the  state  of  hydrate  it  is  soluble  in  acids,  but 
on  making  it  red-hot  it  suddenly  tecomea  ineandeseeut, 
passes  into  another  allotropio  state,  and  is  now  insolu- 
ble. This  sesquioxide  is  isomorphous  with  the  sesqni- 
oxides  of  iron  and  alumina.  In  its  two  allotropio  states 
it  yields  corresponding  classes  of  salts,  one  of  which  is 
green  and  the  other  reddish-green.  It  is  used  for  com- 
municating a  green  color  to  porcelain. 

Chromic  Acid  may  be  made  by  adding  one  volume 
of  a  saturated  solution  of  bichromate  of  potassa  to  one 
and  ahalf  of  oil  of  vitriol.  On  cooling,  red  crystals  of 
chromic  acid  arc  deposited.  It  is  isomorphous  with 
sulphuric  acid,  produces  with  bases  yellow  and  red  salts, 
is  a  poweiful  oxidizing  agent,  is  decomposed  by  a  red 
heat  into  the  sesquioxide,  destroys  the  color  of  indigo 
and  other  dyes,  and  may  be  detected  by  producing,  with 
the  salts  of  lead,  chrome  yellow,  and  by  its  ready  pas- 
sage, under  the  influence  of  deoxidizing  agents,  into  the 
sesquioxide. 

The  sesquicbloride  is  procured  when  chlori:ne  is  pass- 
ed over  a  mixtnre  of  the  sesquioxide  and  charcoal  in  a 
red-hot  tube.  It  is  a  lilac-colored  body,  which  foi-ras  a 
green  solution  in  water.  There  is  also  an  oxychloride, 
which  may  be  distilled  as  a  deep  red  liquid  from  a  mix- 
tnre of  chromate  of  potassa,  common  salt,  and  oil  of  vit- 
riol. The  fluoride,  which  is  a  red  gas,  is  obtained  by 
distilling  in  a  silver  retoi-t  a  mixture  of  chromate  of 
lead,  fluor  spar,  and  oil  of  vitriol.  It  is  decomposed  by 
the  moisture  of  the  air,  forming  chromic  and  hydrofluor- 
ic acids. 
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Salts  of  the  Sesqcioxide  of  CHEoiiiuir. 

Bulphate  of  Chromium  and  Potassa  (  Chrome  Alum) . 
Whea  the  oxide  of  chromium  is  dissolved  in  sulphuyic 
neid  and  mixed  with  th9  sulphate  of  potassa  and  a  little 
free  solphnric  acid,  ciystals  of  chrome  alum  are  deposit- 
ed in  red  or  blue  octahedrons. 

CAroJJie-Zj-on,  acompoondof  the  sesquioxide  of  chro- 
miam  and  the  protoxide  of  iron,  is  found  native,  crystal- 
lized in  octahedrons,  and  also  naassive.  It  furnishes 
most  of  the  compounds  of  chromium. 

Salts  of  Cheomic  Acid. 

Chromate  of  Potassa  may  be  made  by  igniting 
chrome  iron  with  one  fifth  its  weight  of  nitrate  of  po- 
tassa. It  crystallizes  in  small  lemon-yellow  prisms,  and 
la  veiy  soluble  in  hot  water.  The  crystals  are  anhy- 
drous. 

Bichromate  of  Potassa  may  be  prepared  from  the 
former  by  adding  an  equivalent  of  acetic  acid.  It  crys- 
tallizes in  prisms  of  a  ruby  red.  Large  quantities  are 
consumed  by  dy'era. 

Chromate  of  Xead {Chrome  YeUow),  obtained  by  pre- 
cipitation from  either  of  the  foregoing  salts  by  a  sohi- 
I)le  salt  of  lead.    It  is  used  as  a  paint. 

Dichromate  of  Lead  is  formed  by  adding  chromate 
of  lead  to  melted  nitrate  of  potassa,  and  dissolving  out 
the  chromate  of  potassa  and  excess  of  nitre  by  water. 
It  is  of  a  beautiful  red  color. 

Vanadiuji,  F"=6S, 
occnrs  in  certain  lead  ores,  and  may  be  obtained  by  de- 
composing the  chloride  by  a  current  of  dry  ammonia  in 
a  glass  tube  heated  over  a  spirit-lamp.  It  has  a  silvery 
lustre,  is  brittle,  and  not  acted  upon  by  air  or  water  at 
common  temperatures.  At  a  dull  red  heat  it  burns  into 
a  black  oxide.  It  is  not  dissolved  by  eulphnric  or  hy- 
drochloric acids,  bpt  nitric  acid  and  nitro-hydrochlouic 
acid  yield  with  it  dark  blue  solutions.  It  has  three 
oxides,  FO,T03.T03. 

What  ia  chrome  alnm?  What  is  chromo  iron?  How  avu  tlie 
chromates  of  potassa  made?  What  is  chrome  yellow?  How  is 
vanadium  prepared,  and  what  ai'e  its  properties? 
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Tungsten,  W=:92, 
18  obtained  by  passing  hydrogen  over  ignited  tiingstio 
acid  mixed  with  charcoal.  It  is  very  difficult  of  fusion, 
hard,  brittle,  and  of  an  iron-gray  color.  Its  specific 
gravity  is  1 7.6.  It  is  o.^dized  by  the  action  of  heat  and 
air,  and  by  nitric  acid.  It  communicates  valuable  prop- 
erties to  steel.  Tungsten  is  also  called  Wolframium, 
from  Wolfram,  which  is  a  tungstate  of  iron  and  man- 

CoLTJMBiuM,  7b=184, 
called  also  Tantalum,  was  discovered  in  a  North  Amer- 
ican mineral,  Cohc/iiOUe,  in  1 801 .  It  is  obtaiued  by  heat- 
ing potassium  with  the  potaasio-fiuoride  of  columbium, 
and  washing  the  mass  in  water.  It  remains  in  the  form 
of  a  black  powder,  which,  on  pressure,  resembles  iron. 

NioBiuar — Ilsieniuii — NoKioai — PELoPitrir — Dianium. 
Among  tbese.rare  metals,  the  two  first  mentioned 
have  been  announced  as  associated  with  columbium  in 
some  varieties  of  tantalite,  but  their  distinctive  charac- 
ters have  been,  as  yet,  very  imperfectly  ascertained. 
Niobium  is  considered  by  some  chemists  to  be  colum- 
bium, while  the  metal  pelopium  has  no  independent  ex- 
istence, the  pelopie  and  niobic  acids  beiiig  identical. 
Another  metal  of  this  series  is  called  Dianium,  but  Da- 
ville  states  that  dianio  acid  is  hyponiobic  acid. 

MoLTEDEffUM,  Mo  —  iS, 

is  a  whitish,  brittle,  and  very  difficultly  fusible  metal, 
forming  three  compounds  with  oxygen,  Mo  0,  Mb  0^, 
Mo  Oy  A  salt  of  the  last,  the  molybdate  of  a 
is  useful  as. a  test  for  phosphoric  acid. 


TTeajjium,  f/'=60, 
is  a  white,  slightly  malleable  metal,  unchanged  by  air 
and   water  at  common  temperatures.     Its   peroxide, 
U^  (?3,  is  used  to  give  a  gi-eeniah-yellow  color  to  glass. 
The  nitrate  of  uranium  is  of  use  in  photography. 

How  is  tungsten  prepared,  and  wliat  are  its  properties?    How  is 
columbinin  prepared  ?    What  remarks  are  to  be  made  about  the  rare 
^K..,,.,  »*..  ■>    '^P'-i-"» -"'-"  la  molvbdenumf    What  are 


Hc^i^db,  Google 


exists  as  titanic  acid,  TiO^,  iii  Rutilite,  Aiiataso,  and 
Oysanite.  Titanic  acid  is  useful  in  tbe  coloring  of  the 
gums  of  artificial  teeth  and  in  porcelain  painting. 


LECTURE  LXIV. 
Arsenic. — Pr&pafaiion  of  the  Metal. — IVopei-ties  of 
Araenious  Acid. — Two  Vaneties  of  it. — The  meth- 
ods of  deieo^ng  it. — Procesa  in  Cases  of  Poiaoning. 
— Suiphiireted  Hydrogen  Test. — Jtfarsh^s  Test. — TAe 
Oopper  Test. — Dignities  arising  from  Antimony. 

Aesenic.     As— '75. 

Aksenic  is  obtained  by  sublimation  in  a  current  of 
air  of  the  arsenide  of  cobalt  and  iron,  the  vapor  condens- 
ing as  a  white  oxide.  .This  being  mixed  with  powder- 
ed charcoal  or  black  flux,  and  heated,  the  metallic  arse- 
nic sublimes.  The  process  may  be  conducted  in  i^.aes, 
a  tall  vial,  Fig.  288,  imbedded  in  a  crucible  filled  ~ 
with  sand,  two  thirds  of  the  vial  projecting  ab 
the  heated  sand.  On  this  cooler  portion  the  met- 1 
al  condenses.  It  is  also  sometimes  found  in  a  n 
tive  state. 

Arsenic  is  a  metallic  body,  of  a  steel-gray  color.  It  is 
very  brittle ;  its  specific  gravity  is  5.88,  and,  wiien  slow- 
ly sublimed,  it  crystallizes  in  rhombohedrons.  At  400° 
it  sublimes  without  undergoing  fusion,  its  melting  point 
being  much  higher  than  tbat  of  sublimation.  Its  vapor 
has  a  smell  of  garlic,  as  may  be  i-eadily  recognized  by 
throwing  a  little  arsenious  acid  on  a  red-hot  coal.  Ai-- 
senio  prepared  by  black  flux  tarnishes,  it  is  said,  from 
containing  a  little  potassium.  Among  its  compounds 
the  following  may  be  mentioned : 

A    en    u   Acid AsOs=  99 

A      n     A  id AsO^=li5 

Ekh  ph    e  of  Arsenic AsSs=i07 

1      u  ph  da  of  Arsenic. AsS^-l2S 

A         u     edHjdi'Ogen AsR,^  73 

H  w  d  e        11  ium  esistf     How  is  metallic  arsenic  obtained? 
a       spoperties?    WIibC  is  its  odor  ? 
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Arsenions  Acid  ia  formed  when  arsenic  is  sublimed  in 
atraoephevic  air.  It  is  a  -white  substance,  which,  when 
ttie  process  is.  conducted  slowly,  crystallizes  in  octahe- 
drons. Similar  octahedral  crystals  may  be  obtained  by 
heating  arsenioua  acid  itself  iu  a  tube  to  380°.  When 
the  operation  has  been  recently  performed  and  a  large 
mass  sublimed,  it  is  a  glassy,  transparent  body,  which  m 
the  course  of  time  slowly  becomes  milk-white.  The  spe- 
cific gi-avity  of  arsenioua  acid  is  3.7.  It  is  nearly  taste- 
less, of  sparing  solubility  in  water,  the  two  varieties  dif- 
fering in  this  respect.  By  100  parts  of  boiling  water, 
11.5  of  the  opaque,  but  only  Q.I  of  the  transparent,  are 
dissolved.  This  snbstanoe  posses  currently  under  the 
name  of  arsenic.  It  onght  not  to  be  forgotten  that  the 
arsenic  of  chemical  writers  and  that  of  eorameree  are 
ver^  diffevent  bodies:  the  one  is  black  and  the  other 
white ;  the  one  is  a  metal  and  the  other  its  oxide. 

Arsenious  acid  may  be  detected  by  several  methods: 

1st.  With  ammonia  sulphate  of  copper  it  gives  an 
emerald-green  precipitate — the'arsenite  of  copper,  or 
Scheele's  green. 

2d.  With  the  ammonia  nitrate  of  silver,  a  canary-yel- 
low precipitate — the  arsenite  of  silver. 

3a.  With  Bulphureted  hydrogen,  when  previously 
acidulated  with  acetic  or  hydrodiloric  acid,  it  yields  a 
yeliow  precipitate,  the  tersnlphide  of  arsenic,  oipiment. 
This,  when  dried  and  ignited  with  black  flnx  (a.  mixture 
of  charcoal  and  carbonate  of  potassa,  obtained  by  ignit- 
ing cream  of  tartar  in  a  covered  crucible),  yields  a  sub- 
limate of  metallic  arsenic. 

4th.  With  the  materials  for  generating  hydrogen  gas — 
that  is,  sulphnric  acid,  zinc,  and  water,  placed  in  a  bot- 
tle— if  arsenious  acid  be  present,  arseniureted  hydrogen 
is  disengaged.  When  set  on  fire,  it  bums  with  a  pale 
blue  flame,  emitting  a  white  smoke ;  and  if  a  piece  of 
cold  glass  be  held  in  the  flame,  there  ia  deposited  upon 
it  a  black  spot  of  ai'senio,  surrounded  by  a  white  border 

How  is  arsenious  aciil  made  7  What  is  ilacrjulallino  form?  What 
is  the  diffcrenoe  between  tlie  arsenic  of  chemists  nnil  Ihut  of  com- 
merce? What  is  the  action  of  arsenioiiBncid  on  ammonia  Sulphate 
of  copper?  With  ammonia  nitrate  of  silver  ?  With  sulphDi-eted  hy. 
drogen?  What  is  the  process  for  detecting  it  aa  aiseniuveted  hy- 
drogen? 
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of  arsenious  aoid.  This  ttain  la  volatilized  on  Leating 
the  glass.  Or  if  the  irsenmieted  hydrogen  be  conduct- 
ed tlirough  a  tube  of  Boherann  glass,  made  red-hot  at 
one  point  by  a  spirit  lamp,  it  is  decomposed,  aud  metal- 
]\a  arsenic  deposited  on  the  cooler  portions  beyond  the 
ignited  space. 

5th.  If  a  solution  containing  avsenious  acid  be  acidu- 
lated with  hydrochloric  acid  and  boiled  ■with  slips  of 
copper,  the  metallic  arsenic  is  deposited  upon  the  cop- 
per aa  an  iron-gray  crust.    Tbia  is  called  Eeinsch's  test. 

lu  cases  of  poisoning  by  this  substance,  it  is  unsatis- 
factory to  apply,  in  the  first  instance,  color-giving  tests, 
eueh  as  the  first,  second,  and  third,  as  the  liquor  obtain- 
ed from  the  stomach  is  itself  highly  colored  and  turbid. 
It  is  therefore  desirable  to  examine  that  organ  and  its 
contents  minutely,  endeavoring  to  discover  any  white 
granules,  or  specks,  which  may  be  supposed  to  be  arse- 
nious  acid,  and,  if  such  are  found,  to  examine  them  sep- 
arately. 

The  contents  of  the  stomach,  the  larger  pieces  having 
been  divided,  are  to  be  boiled  in  water  and  strained 
through  a  linen  cloth.  A  current  of  chlorine  gas  pass- 
ed through  this  liquid  coagulates  and  separates  much  of 
the  animal  matter;  or,  what  is  more  convenient,  if  the 
solution  be  first  acidulated  with  nitric  acid,  and  then  ni- 
trate of  silver  be  added,  much  of  the  animal  matter  may 
be  removed.  By  the  addition  of  a  solution  of  common 
salt,  the  excess  of  the  silver  salt  may  be  precipitated, 
and  the  liquor,  being  filtered,  is  then  fit  for  the  third  or 
fourth  of  the  foregoing  teste. 

In  the  application  ofsulphureted  hydrogen,  the  liquor 
having  been  clarified  as  just  stated,  the  gas  is  passed 
tlirough  it  until  it  smells  strongly.  It  is  then  to  be 
boiled  for  a  short  time,  to  expel  the  excess  of  gas,  and 
filtered.  The  yellow  precipitate  of  tersulphide  of  arse- 
nic, or  orpiment,  which  is  collected,  is  to  rva.m. 
be  thoroughly  dried,  and  introduced,  with 
twice  its  bulk  of  black  flux,  into  the  bulb, 
«,  of  a  tnbe,  snob  as  Mff.  289,  made  of  ^ 
hard  gls^s.     On  the  temperature  be' 
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358  maesh's  test. 

raised  by  a  lamp,  metallic  arsenic  sublimes,  forming  an 
iron-black  ring  round  the  part  b.  By  cutting  oft'  the 
bulb  of  the  tube  and  heating  the  black  cnist  gradually, 
it  slowly  sublimes  toward  the  colder  part,  producing  a 
white  deposit  of  arsenious  acid  in  octahedral  crystals. 
la  the  application  of  Marsh's  test,  the  liquor,  having 
Fin.  MO.  been  cleared  either  by  chlorine  or  by  ni- 
trate of  silver,  as  above  described,  and 
mixed  with  a  little  sulphuric  acid,  is  to  be 
introduced  into  an  apparatns,  A  B,  Mg. 
290,  composed  of  a  bent  glass  tube,  one 
arm  of  wnich,  B,  ia  longer  than  the  other. 
A  piece  of  ziuo  ia  suspended  by  a  thread 
in  the  arm  A,  so  that  it  shall  not  reach  the 
curved  part.  The  liquid,  on  being  poured 
into  B  while  the  stopcock  above  A  is  open, 
at  first  fills  A, but,  as  hydrogen  commences 
1  at  once  to  form,  as  soon  as  the  stopcock  is 
closed  it  will  accumulate.  If  the  stopcock 
i  and  a  light  applied  to  the  jet,  the  issuing  gas 
Ire,  and,  on  holding  a  piece  of  white  porcelain 
le,  the  arsenic  will  accumulate  on  it  as  a  me- 
^ ;  or  the  jet  njay  be  replaced  by  a  bent  tube 
of  hard  glass,  which  is  to  be  kept  heated  at  one  point 
for  a  length  of  time.  The  arsenic  will  be  detected  as  a 
black  deposit,  though  it  exist  to  an  extremely  minute 
extent. 

If  the  liquor,  notwithstanding  the  care  taken  to  clear 
it,  froths  when  the  liydrogen  is  disengaged,  so  as.  to  in- 
terfere with  the  results  by  choking  the  tube,  the  gas  is 
best  collected  nnder  ajar  at  the  pneumatic  trough,  and 
may  be  subsequently  examined. 

The  fifth  test,  by  copper,  may  be  sometimes  advan- 
tageously applied  to  collect  the  arsenic  from  solutions ; 
the  crust  upon  the  copper  may  be  subsequently  exam- 
ined, either  by  sublimation  or  otherwise. 

It  is  to  be  remembered  that  antimony  will  yield  i-e- 
siilts  closely  resembling  those  of  arsenic  by  Marsh's 
test ;  but  on  heating  the  glass  plate  ori  which  the  stain 

Doscribo  Miirsli's  tast.  %Uoiv  may  minale  quantities  be  detected 
by  this  test?  Wien  the  liquor  froths,  what  has  to  be  done?  When 
is  the  copper  test  advantageonsly  applied?  What  riietal  acts  like 
arsenic?    How  is  it  distinguislied? 
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has  been  depositee!,  if  it  be  areenie  it  will  totally  vola- 
tilize away ;  but  if  antimony,  it  will  not  disappear,  bnt 
only  give  rise  to  a  yellow  oxide.  The  antimony  stain 
is  readily  soluble  in  hydroaulphate  of  ammonia,  the  ar- 
senic stain  with  diinculty.  On  evaporating,  the  sul- 
phide of  arsenic  is  found  to  be  soluble  in  ammonia,  the 
sulphide  of  antimony  in  hydrochloric  acid. 

In  medico-legal  investigations,  it  should  also  be  re- 
membered tbat,  as  sulphuric  acid  and  zinc  of  commerce 
contain  arsenic,  it  is  absolutely  necessary  that  the  speci- 
mens abont  to  be  used  be  critically  examined  themselves 
by  being  tried  alone  before  the  suspected  solution  is 


LECTUllE  LXV. 
Sesenic. — Antis^tio  Quality  of  Arsenioua  Acid. — 
Antidote  for  Foisoning.-^ Arsenic  Acid. — Jsomor- 
phous  with  Phospfioric  Acid. — Mealgar  and  Orpi- 
inent. — Arseniureted  Sydrogen. — Antimomt. — Me- 
ditetion  of. —  Oxides,  Chiorides,  and  Sulphides  of. — 
Antimoniureted  Hydrogen. — Detection  of  Antimony. 
— Tellueium. — CoppBE. — Reduction  of . —  UeeofOa> 
ide. — Detection  of. — Scdta  of  I^-otoxide. 
Aksknious  Acid  posse asea  a  remarkable  antiseptic 
quality,  and  hence  often  preserves  the  bodies  of  persona 
who  have  been  poisoned  by  it.    Advantage  is  also  taken 
of  this  fact  by  the  collectors  of  objects  of  natural  histo- 
ry in  preserving  their  specimens. 

The  antidote  for  poisoning  by  arsenic  ia  the  hydrated 
sesqaioxide  of  iron.  It  may  be  made  by  adding  car- 
bonate of  soda  to  the  cbloride  of  iron.  It  should  be 
given  in  the  moist  state,  mixed  with  water.  After  be- 
ing once  dried  it  loses  much  of  its  power.  It  produces 
an  inert  basic  araenite  of  the  peroxide  of  iron. 

Arsenic  Acid  is  fonnd  in  nature  in  union  with  various 
bases.  It  may  be  made  t^  acting  on  arsenious  acid  with 
nitric  acid,  with  tbe  addition  of  a  little  hydrochloric  acid, 
and  evaporating  till  the  nitric  acid  is  expelled.  The  re- 
Why  most  ihe  suiphnvio  add  and  zinc  be  examined  ?  Of  what 
use  is  the  antiseptic  quality  of  arsenic?  What  is  the  antidote  for 
arsenic  ?     How  13  it  prepared  ?    How  is  arsenic  acid  prepared  ? 
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suiting  acid  contains  three  atoms  of  water,  and  is  iso- 
morphoua  witli  tvibasic  phosplioric  acid.  The  arseniates 
yield,  with  nitrate  of  silver,  a  dark  red  precipitate  of  the 
tribaaio  avseniate  of  silver.  It  should  not  be  forgotten, 
in  medico-legal  inquiries  respecting  arsenic,  that  the  ar- 
seniate  of  lime  may  naturally  replace  phosphate  of  lime 
in  bone-earth,  and  this  acid  substitute  the  phosphoric  in 
other  parts  of  the  system. 

The  bisulphide  ofai-senic  maybe  obtained  by  melting 
araenious  acid  with  sulphur.  It  occurs  aa  a  mineral, 
Mealgar,  and  is  a  red-colored  substance. 

The  tersulphide  is  deposited  when  a  stream  of  sul- 
phiireted  hydrogen  is  passed  through  a,  solution  of  ar- 
senions  acid.  It  is  a  yellow  body,  and  is  used  in  dye- 
ing ;  it  ia  also  known  under  the  name  of  Orpiment. 

Araeniweted  Sydrogen  is  prepared  by  acting  on  an 
alloy  of  zinc  and  arsenic  with  dilute  sulphuric  acid.  It 
ia  a  colorless  gas,  burns  with  a  blue  flame,  exhales  an 
odor  like  garlic.  Its  specific  gravity  is  2,695.  It  is  de- 
composed by  chlorine  and  iodine,  and  the  arsenic  is  sep- 
arated by  heat  and  by  the  rays  of  the  sun. 

ASTI JIONY.      ^5  =  129, 

This  metal  occurs  commonly  as  a  sulphide  in  nature, 
from  which  it  may  be  obtained  by  heating  with  iron 
filings,  a  sulphide  of  iron  forming,  and  metallic  antimo- 
ny subsiding  to  the  bottom  of  the  crucible.  It  may 
also  be  obtained  by  fusing  the  sulphide  with  black  flax, 
which  produces  a  sulphide  of  potassium  and  metallic 
antimony. 

Antimony  is  a  blue-white  metal,  of  a  very  crystalline 
struetnre,  and  so  brittle  that  it  may  be  pulverized.  It 
melts  at  840°.  Its  specific  gravity  is  6.7.  It  possesses, 
at  high  temperatures,  au  intense  affinity  for  oxygen ;  a 
fragment  of  it  the  size  of  a  pea  being  ignited  on  a  piece 
of  charcoal  before  the  blowpipe,  and  then  suddenly 
thrown  on  the  table,  takes  fire,  breaking  into  a  multi- 
tude of  globules,  and  filling  tho  air  with  fumes  of  the 
white  teroxide.  Antimony  yields  the  following  com- 
pounds : 

WheromayarBenicexistin  thebody?  What  is  Realgar  ?  What 
is  Orpiment?  How  may  arseniuveted  hydrogen  Tic  made?  How  is 
mctallie  antimony  made  ?    "VVhat  arc  jia  properties  ? 
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ShO, 

=  153 

s'y. 

Sb'J, 

=169 

sbcl 

=236.6 

bid. 

=306.5 

bhS, 

=  177 

SI&, 

=209 

Sb  S,+SbO 

3=507 

COMPOtlHD^   OF  ABTIMONI  ;561 

Teroxide  of  Antimony 

Antimonious  Acid 

Antiraonic  Acid 

TcrcHoyide  of  AQtimony 

Percliloride 

Tersulpliido 

Fersulpliide 

Oxysulphide 

The  Teroxide  of  Antimony  miy  be  made  by  adding 
to  an  acid  boiling  solution  of  chloiide  of  antimony  car- 
bonate of  soda.  It  18  a  gray  powdei,  ind  is  the  base 
of  a  class  of  salts,  among  which  firtar  emetic  may  be 
meotioDed.  These  silts  give  an  oiange  colored  precip- 
itate ■with  eulphuieted  hydio^en 

Antmhonious  Aud  is  productd  by  heating  the  oxide 
of  antimony,  or  antimonio  acid.  It  is  a  ■white  powder, 
and  unites  with  bases,  forming  antimonites, 

Antimonio  Add  may  be  prepared  by  acting  on  me- 
tallio  antimony  with  nitric  acid. 

TercJilorkle  of  Antimony  is  made  by  dissolving  one 
part  of  snlphide  of  antimony  in  five  of  hydrochloric 
acid,  and  distilling.  As  soon  as  the  matter  which  pass- 
es over  becomes  solid,  the  receivSr  is  to  be  changed, 
and,  continuing  the  heat,  the  terchloride  is  collected. 
It  was  formerly  known  as  Butter  of  Antimony.  The 
perchloride  may  be  made  by  burning  antimony  in  chlo- 
rine gas.  The  oxyohloride  is  produced  when  the  ter- 
chloride is  placed  in  contact  with  water.  It  was  for- 
merly known  as  Powder  of  Algaroth. 

The  terstUpMde  occnrs  abundantly  as  a  mineral,  as 
has  been  said.  It  is  also  formed  by  the  action  of  su!- 
phureted  hydrogen  on  the  salts  of  the  oxide  of  anti- 
mony. In  this  case  it  is  of  an  orange  color,  in  the  for- 
mer it  has  a  metallic  aspect.  The  peraylphids  is  pro- 
cured when  the  tersulphide  and  sulphur  are  boiled  m  a 
solution  of  potassa,  the  liquor  filtered,  and  an  acid  add- 
ed, a  yellow  precipitate  going  down.  It  was  known 
formerly  as  the  Golden  Sidphwet  of  Antimony.  The 
oxysulphide  occurs  native  as  the  red  ore  of  antimony, 
and  may  also  be  made  by  boiling  the  tersulpliide  with 

"What  color  does  sesquioxido  of  anCimony  jiold  with  Enlpliureted 
hydfogen  ?  How  is  antimonioas  Hcid  made  ?  Hon  is  tercUtoride  of 
antimony  mflcJe  ?  Wliat  is  Foivder  of  Algnroth  ?  What  is  the  goJd- 
en  EQlphnret  of  antimonr  ? 

Q 
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a  solution  of  potassa.  On  cooling,  precipitation  of  it 
talies  place.  It  is  stated,  however,  by  Berzelius,  that 
this  la  not  a  true  compound,  but  merely  a  mechanical 
mixture  of  the  oxide  and  sulphide  in  irregular  pi-opor- 
lionB.  This  precipitate  is  also  known  under  the  name 
of  Kermes  Mineral.  From  the  liquor,  after  the  kermea 
is  separated,  an  acid  throws  down  the  golden  .sol phuret 
of  antimony. 

Antinioniureted  Hydrogen.  —  When  hydrogen  is 
evolved  from  a  Bolntion  containing  tartar  emetic  {tar- 
trate of  antimony  and  potassa),  this  substance  is  pro- 
daced.  It  is  a  gas,  having  a  superficial  resemblance  to 
ai-seniureted  liydrogeu,  and,  when  used  as  in  Marsh's 
apparatus,  gives  a  stain  on  glass  resembling  that  of  av- 
eenie.  From  av«enic  it  may  be  distinguished  by  not 
being  volatile. 

The  following  method  of  detecting  antimony,  when 
dissolved  in  any  oiganie  liquid,  is  based  upon  the  prin- 
ciple by  which  copper  and  other  metals  may  be  detect- 
ed tinder  similar  circumstances :  Acidulate  a  portion 
of  tho  suspected  liquid  with  hydrochloric  acid,  and  jjlace 
it  in  a  shallow  platinum  capsule.  Touch  the  platinum 
through  the  acid  liquid  with  a  piece  of  pure  zinc. 
Wherever  the  metals  come  in  contact,  antimony  in  the 
state  of  a  black  powder  is  deposited  on  the  surface  of 
the  platinum.  Hydrosuiphate  of  ammonia  dissolves  the 
deposit  by  the  aid  of  heat,  giving  the  orange-red  sul- 
phide, which  is  soluble  in  hydro.chloric  acid. 

In  Marsh's  test  anc  causes  the  deposit  of  the  anti- 
mony as  a  black  powder,  and  after  a  short  time  barely 
a  trace  will  escape  witli  the  hydrogen  from  the  jet. 

Antimony  furnishes  some  valuable  alloys;  printers' 
type  metal,  for  example,  is  an  alloy  of  this  substance 
with  lead.  It  expands  in  the  act  of  solidifying,  and 
therefore  takes  accurate  impressions  of  the  interior  of  a 
mould. 

Tellurium.     Te^M. 

Tellubiusi  is  a  rare  metal,  of  a  white  color,  very  fusi- 
ble and  volatile,  having  several  analogies  with  selenium, 

What  is  kermes  mineral?  How  is  anfjmoniureted  hydrogen  made? 
How  nmy  antimony  he  delected  in  organic  liquids  ?  Wliat  alioys  of 
anUmony  are  there  ?    What  are  ilie  properties  of  tellurium  ? 
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and  uniting  with  hydrogen  to  form  telluretcd  hydro- 
gen, which,  with  water,  yields  a  claret-coIored  solution. 

Copper.     6'w=32. 

Copper  Is  often  found  native,  and  in  certain  parts  of 
the  United  States  in  masses  of  very  great  magnitude. 
It  also  occurs  as  a  carbonate  and  sulphide.  In  the  lat- 
ter combination  it  is  found  with  the  sulphide  of  iron,  as 
yellow  copper  ore.  This  being  roasted,  the  sulphide  of 
iron  changes  into  oxidsj  the  copper  sulphide  remaining 
unchanged.  The  mass  is  then  heated  with  sand,  which 
yields  a  silicate  of  iron,  tlie  sulphide  of  copper  separa- 
ting. This  prooesB  is  repeated  until  all  the  iron  is  part- 
ed ;  and  now  the  sulphide  of  copper  begins  to  change 
into  the  oxide,  which  is  finally  decoraposed  by  carbon 
at  a  high  temperature. 

Copper  is  a  red  metal,  requiring  a  high  temperature 
for  fnsion,  1906°.  Its  specific  gravity  is  8,8.  It  has 
great  tenacity,  and  is  ductile  and  malleable.  A  polished 
plate  of  it,  heated,  exhibits  rainbow  colors,  and  is  finally 
coated  with  the  biack  oxide.  It  is  one  of  the  best  con- 
ductors of  heat  -inA  electricity  Among  its  compounds 
the  following  miy  be  mefitioned 

Protoxide  of  Coj  i  er  OaO   —40 

Suboxide  Co  0  -73 

Chlorida  CuCl     fi7.5 

Subchloiide  Cii,rl-d9.5 

Subsulphide  Cu,i  -80 

Frotooidde  of  Copper  miy  be  mide  eithei  by  igniting 
metallic  coppei  m  contact  with  -ui,  oi  by  calcming  the 
nitrate.  It  is  a  bhck  substance  not  decomposable  by 
heat,  but  yieldmg  oxygen  with  facility  to  carbon  and 
hydrogen,  and  hence  extensnely  nsed  in  oiganic  analy- 
sis. It  is  a  base,  yielding  salts  of  a  blue  or  green  coloi'. 
The  suboxide,  called  also  red  oxide,  occurs  native  as 
ruby  copper.  It  is  a  feeble  base.  The  subsulphide  also 
occurs  native,  as  copper  pyrites. 

Copper  is  easily  detected.  Caustic  potassa  gives, 
with  its  protosalt,  a  pale  blue  hydrate,  which  turns 
black  on  boiling.    Ammonia,  in  excess,  yields  a  beau- 

Under  what  forms  docs  coppe 
aro  its  properties  ?  Wliich  oxLc! 
is  co]>pcr  ilafccfiHl  ? 
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tiful  purple  solution ;  ferrocyanide  of  potaesinm,  a  choc- 
olate-lirown  precipitate ;  snlphureted  bydrogen,  a  black ; 
and  metallic  iron,  as  the  blade  of  a  tnife,  precipitates 
metallic  copper. 

Salts  op  the  Protoxide  of  Coppee. 

Garionate  of  Copper. — ^There  are  several  varieties 
of  carbonates.  One,  which  passes  under  tbe  name  of 
Mineral  Green,  is  formed  by  precipitating  with  an  al- 
kaline carbonate.  It  occurs  naturally  in  the  form  of 
Malachite,  Slue  cc^er  ore  ia  another  carbonate ;  the 
p^nt  called  Green  V&-diter  has  a  similar  composition, 

Sulphate  of  Goiter  (Slue  Vitriol)  is  prepared  for 
commerce  by  the  oxidation  of  tbe  sulphide  of  copper. 
It  crystallizes  in  rhomboids  of  blue  color,  with  five 
atoms  of  water.  It  is  soluble  in  four  times  its  weight 
of  cold,  and  twice  its  weight  of  bot  water.  It  is  an 
escharotic,  an  astringent,  and  has  an  acid  reaction. 
With  ammonia  it  forms  a  compound  of  a  splendid  blue 
color,  which  may  be  obtained  in  crystals;  with  potassa, 
also,  it  forma  a  double  salt.  There  are  also  subsulphates 
of  copper. 

Nitrate  of  Goppefi;  formed  by  the  action  of  nitnc 
acid  on  metallic  copper.  It  crystallizes  in  prisms  or  in 
plates.  It  acts  wiUi  very  great  energy  on  metallic  tin. 
There  is  a  subnitrate  of  copper. 

Arsenite  of  Co^e^  [Sc/ieele's  Green),  produced  by 
adding  solution  of  ai-senious  acid  to  the  solution  of  am- 
monia sulphate  of  copper. 

Copper  yields  several  valuable  alloys.  Brass  is  an  al- 
loy of  copper  and  zinc ;  gun  metai,  bell  metal,  and  spec- 
ulum metal,  of  copper  and  tin.  The  gold  and  silver  of 
currency  contain  portions  of  this  metal ;  it  commimi- 
cates  to  them  the  requisite  degree  of  hardness. 

Under  what  forms  does  the  carbonaW  occur  f  What  ava  tho 
method,  of  preparation  and  properties  of  the  sulphate?  What  is 
Scheele's  Green?    What  alloys  of  copper  are  there? 
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LECTURE  LXVl. 

Lead. — Seduction  of  Galena. — HelaUons  of  Zead  to 

Water. — The  (kddes  of  Lead. — Detection  of  Lead. 

— EiSMTTTH. — SiLvEE. —  Amalgamation. — VryataUi- 

._...._..      '^  --■••-" -^.—Properties  of  Silver.— Salts 


Lead.    P&=104. 

Lead  occurs  under  various  mineval  forms,  Lut  tlie 
most  valuable  oue  is  galena,  a  sulphide.  From  this  it 
is  readily  obtained.  The  galena,  by  roasting  in  a  rever- 
beratoiy  furnace,  becomes  partly  converted  into  sul- 
phate of  lead ;  the  contents  of  the  furnace  are  then 
mixed,  the  temperature  raised,  and  the  sulphate  and 
sulphide  produce  sulphurous  acid  and  metallic  lead,  the 
action  being 

PbO,S0s-\-PbS...  =  ...iS0.,JrPbz. 

Lead  is  a  soft  metal,  of  a  blaish-white  color.  Its  spe- 
cific gravity  is  11.381.  It  melts  at  612°,  and  on  the  sur- 
face of  the  molten  mass  an  oxide  (dross)  rapidly  forms. 
At  common  temperatures  it  soon  tarnishes.  In  the  act 
of  solidifying  it  contracts,  and  hence  is  not  fit  for  cast- 
ings. It  possesses,  at  common  temperatures,  the  weld- 
ing property ;  two  bullets  will  cohere  if  fresh-cut  sur- 
faces upon  them  are  brought  in  contact.  Under  the 
conjoint  influence  of  air  and  water  lead  is  corroded,  a 
white  crust  of  carbonate  forming ;  but  when  there  are 
contained  in  the  water  small  quantities  of  salts,  such  as 
sulphates,  these  form  with  the  lead  insoluble  bodies, 
which,  coatingits  surface  over,  protect  it  from  farther 
destruction.  For  this  reason  lead  pipe  can  be  used  for 
distributing  water  in  cities  without  danger.  Lead  is 
one  of  the  least  tenacious  of  the  metals.  The  tartrate 
of  lead  calcined  in  a  tube  yields  one  of  the  best  pyro- 
phori ;  on  bringing  it  into  the  air  at  common  tempei'a- 
tures,  it  spontaneously  ignites. 

Under  what  forms  does  lead  chiefly  mcuc?  How  ia  galena  re- 
duced F  Why  can  not  lead  bo  used  for  castings  ?  What  is  the  ac- 
tion of  puro  water,  and  water  containing  sails,  iipon  it  ? 
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366  COIIPOUNDS   OF  LEAD. 

Of  the  compounds  oi  leacl,  the  following  arc  some  of 
the  more  important 

Protoxide  of  Leail  IliO       112 

Sesquioxide  Pb,<J3=2Si 

Peroxide  PtO,  -l'>0 

Ked  oxitle  1  6,Oi=344 

Chloride  fliCl  -139  5 

lodida  Pbl    =3B0 

Sulphide  P6S    -120 

The  protoxide  13  mide  by  Leatmg  leid  in  the  lir ;  it 
is  a  yellow  body,  which  fuses  at  a  blight  red  heit.  In 
the  first  state  it  is  cilled  luis^icot ,  in  the  latter,  lith- 
arge. It  yields  i  diss  of  Bills,  being  a  base  It  is 
slightly  soluble  in  water  The  peioxide  is  mide  from 
red  lead  by  digesting  it  with  uitiic  icid,  whieli  dis- 
solves out  the  piotoxide,  and  leaves  the  eubstance  as  a 
puce-colored  powder.  The  red  oxide,  or  red  lead,  is 
made  by  calcining  lead  in  a  current  of  air  at  600°  or 
700°.  It  is  used  in  the  manufacture  of  flint  glass. 
The  chloride  is  made  by  the  action  of  hot  hydrochloric 
acid  on  protoxide  of  lead ;  on  cooling,  it  is  deposited  in 
crystals.  The  iodide  is  formed  when  any  soluble  iodide 
is  added  to  a  protosalt  of  lead.  It  isa  beautiful  yellow 
precipitate,  soluble  in  boiling  water,  forming  a  colorless 
solution,  which,  on  cooling,  deposits  golden  ciystaJs. 
Tiie  sulphide  is  galena ;  it  ciystallizes  in  cubes,  and  has 
a  high  metallic  lustre. 

Lead  is  easily  detected  by  sulphnreted  hydrogen, 
which  throws  it  down  from  its  soiutions  as  a  deep 
brown  or  black  precipitate,  and  by  the  iodide  of  potas- 
sium or  cbromate  of  potassa,  which  give  with  it  a  yel- 
low precipitate.  Sulphuric  acid  yields  with  its  salts  a 
white  insolable  sulphate  of  lead. 

Salts  of  the  Protoxide  of  Lead. 
Carbonate  of  Zead — White  I^ad — Cetruse. — This 


salt  forms  as.  a  white  precipitate  when  an  a 
bonate  is  added  to  a  solution  of  a  salt  of  lead.  Large 
quantities  of  it  are  consumed  in  the  aits  as  white  pjunt. 
For  commerce  it  is  procured  by  mixing  litharge  with 
water  containing  a  small  proportion  of  acetate  of  lead  ; 
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carbonic  acid  gaa  is  then  seiiL  over  it,  and  tbe  carbonate 
rapidly  forms.  It  ia  also  made  by  exposing  metallic 
lead  in  plates  to  the  action  of  the  vapor  of  vinegar,  air, 
and  moistare,  the  metal  becoming  oxidized  and  carbon- 
ated. 

Nitrate  of  Zead  ms.y  be  formed  by  diesolviog  litharge 
in  dilute  nitric  acid.  It  crystallizes  in  ojiiiqiio  white  oc- 
tahedrons, wLicL  dissolve  in  seven  or  eight  times  their 
weight  of  cold  water.  They  contain  no  water  of  crys- 
tallization, and  are  decomposed  at  a  red  heat,  as  stated 
in  the  description  of  nitrous  acid.  By  the  action  of  am- 
monia three  other  nitrates  of  lead  may  be  obtained. 

Among  the  alloys  of  lead  are  the  soft  soldera.  Two 
parts  of  lead  and  one  of  tin  constitute  plumber's  solder ; 
one  of  lead  and  two  of  tin,  fine  solder. 

BiBMurn.     _B8=2I.3. 

BiSMDTH  is  found  both  native  and  as  a  sulphide.  It 
is  of  a  reddish  color,  melts  at  507°,  and  may  be  obtained 
in  beautiful  cubic  crystals  by  cooling  a  quantity  of  it  un- 
til solidification  commences,  then  breaking  the  sui'face 
crnst  and  ponring  out  the  fluid  portion. 

When  bismuth  is  dissolved  in  nitric  acid,  and  the  so- 
lutipn  poured  into  water,  the  white  subnitrate,  once  used 
as  a  cosmetic,  is  deposited ;  when  this  is  washed,  and 
sabsequently  heated,  the  protoxide  is  left.  There  is  also 
a  peroxide. 

Fusible  metal  is  an  alloy  of  eight  parts  of  bismuth, 
five  of  lead,  and  three  of  tin.  It  melts  below  the  boil- 
ing point  of  water,  and  may  be  obtained  in  crystals. 

Silver.    Aff=108. 

SiLVRR  ia  found  native,  and  as  a  sulphide  and  a  chlo- 
ride, occuiTing  also  with  a  variety  of  other  metals,  and 
in  small  proportion  with  galena.  "When  disseminated 
as  a  metal  through  ores,  it  may  be  collected  from  them 
by  amalgamation  with  quicksilver;  on  distilling,  the 
quicksilver  is  driven  ofl^. 

When  it  is  obtiuned  from  the  sulphide,  that  ore  is 
roasted  with  common    salt,  which    changes  it  into    a 

WhalaretliHpropei-tiesofthenittate?  What  arc  solders?  What 
are  the  pi-operties  of  bismuth  ?  What  is  fusible  metal  ?  Under  what 
forms  does  silver  occur  ?     How  is  it  obtained  from  the  sulphide  ? 
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cliloride.  This,  with  the  impurities  vrhli  which  it  may 
be  associatecl,  is  put  into  barrels,  which  revolve  on  an 
axis,  along  with  water,  pieces  of  iron,  and  metallic  mer- 
cury ;  the  iron  reduces  the  chloride  to  the  metallic  state, 
and  the  silver  amalgamates  with  the  mercury.  This  is 
washed  from  the  impurities,  strained  through  a  bs^  to 
separate  the  excess  of  mercury,  and  the  residue  is  driv- 
en off  by  distillation. 

The  extraotion  of  silver,  when  it  occTirs  in  small  quan- 
tity with  lead,  is  accomplished  by  the  process  of  cvys- 
taliization.  It  depends  upon  the  fact  that  an  alloy  of 
lead  and  silver  is  more  fusible  than  lead.  A  large  quan- 
tity of  argentiferous  lead  is  melted  and  allowed  to  cool. 
Aa  the  setting  goes  on,  the  first  portions  which  solidify 
are  pure  lead ;  they  may  be  removed  by  ii'on  colanders, 
and  by  continuing  the  process  there  is  finally  left  a  por- 
tion contsuning  all  the  silver.  This,  is  exposed  to  a  red 
heat,  and  a  stream  of  air  directed  ovet  it ;  oxidation  of 
the  lead  takes  place,  and  the  litharge  is  removed  by  the 
blast,  the  process  being  finally  completed  by  cupella- 
tion. 

A  cupel  is  a  shallow  dish  made  of  bone  ashes,  and  is 
very  porous.  In  this,  if  an  alloy  of  lead  and  silver  be 
heated  with  access  of  air,  the  lead  oxidizes,  and,  melting 
into  a  glass,  soaks  into  tlie  cupel,  or  may  bo  driven  from 
the  surface  by  a  blast  of  air  directed  from  a  bellows. 
At  the  same  time,  any  copper  or  other  base  metal  oxi- 
dizes and  is  removed  along  with  the  lead.  The  com- 
pletion of  the  process  is  indicated  by  the  silver  assum- 
ing a  certain  brilhaney,  or  flashing,  as  the  workmen 
term  it. 

Silver  is  a  white  metal,  capable  of  receiving  a  brilliant 
polish.  It  is  malleable  and  ductile,  an  excellent  con- 
ductor of  heat  and  electricity.  Its  Bpeeifie  gravity  is 
10.5.  It  melts  at  1878°,  and  when  melted  absorbs  a 
large  quantity  of  oxygen,  giving  it  out  again  as  soon  as 
it  solidifies,  and  assuming  a  frosted  or  porous  appear- 
ance. The  presence  of  a  minute  quantity  of  copper  pre- 
vents this  effect.  Silver  is  so  soft  that,  for  making  plate 
or  coins,  it  requires  to  be  alloyed  with  a  portion  of  cop- 

Wbat  is  the  proeesa  of  amalgamation?  What  is  tlie  process  cf 
crystallization  ?  Whnt  is  cnpellation  ?  What  ni'e  the  properties  of 
silver  ?    When  must  it  be  alloyed  ? 
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COMPOUNDS    OF    8ILVEK.  iibd 

per ;  from  this  it  may  bo  purified  by  dissolving  it  in  ni- 
tric acid,  and  precipitating  the  silver  aa  chloride  by  a 
solution  of  common  salt.  Silver  shows  little  disposition 
to  unite  with  oxygen,  though  it  tavnisbes  readily  by  the 
action  of  sulphureted  hydrogen.  It  yields  three  oxides, 
but  of  its  compounds  the  followiiig  are  the  most  im- 
portant : 

Protosido  of  Silver ^jO  =116 

Cliloriiie  "      ^3^=14^5 

lodiae  "      Ai/I  =334 

Snlphida  '■     A,jS  =124 

The  protoxide  may  be  made  by  the  action  of  caustic 
potassa  oa  a  aolution  of  nitrate  of  silver,  or  by  boiling 
recently-prepared  chloride  in  potassa.  It  is  a  dark 
powder,  which  may  be  reduced  by  heat  alone.  Tbe 
chloride  ia  sometimes  found  native,  aa  horn-silver,  and 
may  be  made  by  precipitation  from  the  nitrate  by  hy- 
drochloric acid  or  a  soluble  chloride.  The  sulphide  ia 
produced  whenever  sulphureted  hydrogen  acts  on  oxide 
of  silver,  or  even  metallic  silver;  it  is  a  olack  compound- 
Silver  ia  easily  detected  by  precipitation  as  a  chlo- 
ride :  a  curdy,  white  precipitate,  insoluble  in  water,  blit 
soluble  in  ammonia.  It  turns  dark  on  exposure  to  the 
sun,  and  is  used  in  photography.  The  iodide  and  bro- 
mide of  silver  are  very  valuable  in  being  sensitive  to 
light.  They  are  formed  in  that  application  by  dipping 
a  film  of  collodion  cont^ning  some  soluble  iodide  and 
bromide  into  a  solution  of  nitrate  of  silver.  They  also 
exist  native  in  Mexico. 

Salts  op  the  Peotoxide  of  Silvke. 
ITiteate  of  Silver  {JJunar  Caustio),  procured  by  dis- 
solving silver  in  nitric  acid  diluted  with  twice  its  weight 
of  water.  It  crystallizes  in  tables,  which  are  not  deli- 
quescent, and  contain  no  water  of  crystallization.  If  en- 
ters into  fusion  at  428°,  but  at  higher  temperatnres  un- 
dergoes decomposition.  It  is  frequently  cast  into  small 
aticka,  and  used  by  surgeons  as  a  cautery.  It  is  soluble 
in  its  own  weight  of  cold  and  half  its  weight  of  hot  wa- 

How  may  the  protoxide  be  made  ?  What  Bpecinl  properties  have 
the  chloride,  iodide,  and  bromide?  Hoiv  may  silver  be  detected? 
How  is  lunar  cnastic  made?    What  properties  has  it? 
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3V0  COMPOL'NCa   OF  SILVEK. 

tei",  and,  when  in  contact  ivith  organie  matter,  turns 
black  in  the  rays  of  the  sua. 

Ammtmiuret  of  Silver  {BerthoUefs  Mtlminatmff 
Silver)  is  formed  by  digesting  precipitated  oxide  of 
silver  in  ammonia.  It  explodes  with  the  utmost  vio- 
lence under  the  feeblest  friction,  with  the  evolution  of 
nitrogen  and  the  vapor  of  water. 

JTypostdphite  of  Silver  is  formed  when  a  compound 
of  silver  is  dissolved  in  any  of  the  hyposulphites.  The 
solution  of  chloride  of  silver  has  a  sweet  taste,  as  may 
be  observed  when  removing  the  excess  of  cbloride  from 
paper  that  has  been  used  in  the  positive  printing  pro- 
cess, 

Afnmonia  Nitrate  of  Silver,  formed  by  adding  am- 
monia to  nitrate  of  silver  till  the  precipitate  at  first 
formed  is  redissolved,  is  employed  in  photographic 
printing  on  paper. 

Silvering  a  glass  is  performed  by  various  processes, 
the  best  being  that  in  which  a  solution  of  nitrate  of  sil- 
ver and  ammonia  is  decomposed  by  Roehelle  salt.  The 
film  deposited  on  glass  is  so  hard  as  to  bear  polishing 
with  buckskin,  though  only  -sTnrlTyTMi  cf  an  inch  thick. 
This  process  has  been  largely  used  by  the  author  in 
making  the  ISj-ineh  silvered  glass  reflectors  for  his  tel- 
escope at  Hastings-on-Hndson,  Kew  York.  It  is  fully 
described  in  the  Contributions  to  Science  of  the  Smith- 
sonian Institution  for  1864. 

Brass  may  be  silvered  by  the  aid  of  chloride  of  silver, 
chalk,  and  carbonate  of  potassa.  In  electro-plating  a  so- 
lution of  the  chloride  in  cyanide  of  potassium  is  used. 


What  is  ammoniaret  of  silver  ?  Wlint  are  the  propevliea 
hyposulphite?  Of  what  use  is  ilie  ammonia  nitrnte?  How 
vering  on  glass  performed  ?     How  may  bi'ass  Ins  silvered  ? 
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LECTURE  LXVII. 

Merccey. — Process  <^  SedticHo^i. — The  lAguid  Slate 
of. — Its  Oxides. —  Calomel  and  Corrosive  Sublimate. 
— Detection  of  Mercury. — Its  Salts. — Amalgams. — 
Gold.  —  Chloride  of.  —  Pwrple  of  Cassius. — Palla- 
dium.— Platinum. -^-Zis  Catalytic  Effects. — Plati- 
num.  Slach. — Ikidiu  m  .— Rii  odi  u jr. — Hutdenium. — 
Osmium. 

Mrbcuky.     ,H(7=ioo. 

Meecdey  may  be  obtained  from  the  sulphide  (cinna- 
bar) by  distillation  with  iron  filings.  It  is  also,  to  a 
certain  extent,  found  native. 

The  striking  characteristic  of  mercury  is  its  liquid 
condition.  Its  melting  point  is  the  lowest  of  that  of 
any  of  the  metals,  being  —39°.  Ita  specific  gi-avity  at 
47^  is  13.545.  It  boils  at  662".  Kept  at  that  tempera- 
ture in  the  air  for  a  length  of  time,  it  produces  red  ox- 
ide, but  at  common  temperatures  it  is  not  acted  on  by 
the  air.  It  may  be  freed  fi-om  impurities  for  the  pur- 
poses of  the  laboratory  by  being  kept  in  contact  with 
dilute  nitric  acid.  It  gives  the  following  compounds  of 
interest : 


Suboxide  of  Mercury 

III  0  =208 

Protoxide 

Subohloride       " 

Hg  C/=236  5 

Chloviile 

HgOl  =13B  S 
Hg.S  -21G 

Subsnlphide  .    " 

The  suboxide  may  be  made  bj  tutuiating  calomel 
with  potassa  water  in  a  moitai  It  is  a  blick  powder, 
which  is  decomposed  by  light  oi  any  of  the  i  educing 
agents.  The  protoxide  miy  be  foimed,  as  stated  above, 
by  tlie  action  of  air  on  hot  mercury,  but  more  easily  by 
dissolving  mercury  in  nitric  acid,  and  evapoi'ating  and 
)ieating  tne  salt  until  no  more  fumes  of  nitrons  acid  are 
evolved.  It  is  a  re'd  powder,  and  when  warmed  be- 
Under  what  forms  does  mercury  occur  ?  What  are  the  moat  stiik- 
ing  properties  of  this  metal  ?  How  miiy  it  lie  purified  ?  What  are 
the  propeities  of  the  protoxide  ? 
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comes  almost  black,  the  color  returning  as  the  temper- 
ature descends.  Like  the  former,  it  is  a  base,  and  yiekis 
a  class  of  salts. 

The  SubcMoi-ide,  or  Calomel,  may  be  made  by  add- 
ing hydroohloiic  acid  to  the  subnitrate  of  mercury,  or 
by  siibiiming  a  mixture  of  chloride  of  mercury  and  mer- 
cury. It  ia  a  white  powder,  insoluble  in  ■water,  and 
darkens  slowly  by  exposure  to  Bunshine.  The  chloride 
(or  Corrosive  Sublimate)  ia  formed  when  mercury  bui-ns 
io  chlorine  gas,  but  more  economically  by  sublimation 
from  a  mixture  of  sulphate  of  mercuiy  and  common 
salt.  It  ia  a  heavy,  -white,  crystalline  body,  soluble  in 
water,  has  a  metallic  taste,  and  is  poisonous.  The  an- 
tidote for  it  is  albumen  (the  white  of  egg). 

Of  the  sulphides  of  mercury,  the  subanlphide  ia  black 
and  the  sulphide  commonly  red ;  in  this  case  it  passes 
in  commerce  under  the  name  of  vermilion,  and  is  used 
as  a  paint.  It  can  be  obtained,  however,  quite  black;  a 
similar  double  color  is  observed  in  the  case  of  the  ox- 
ide, and  still  more  strikingly  in  the  iodide,  which  may 
be  sublimed  in  beautiful  yellow  crystals,  becoming  of  a 
splendid  scarlet  color  by  merely  being  touched.  ■ 

Mercury  may  be  detected  by  being  precipitated  from 
its  soluble  combinations  by  metallic  copper  as  a  metal. 
Its  salts,  either  alone  or  with  carbonate  of  soda,  heated 
in  a  tube,  yield  metallic  mercuiy,  which  volatilizes. 

Saits  of  the  Oxides  op  Meecuey. 
Nitrates  of  the  Ozidea  of  Mercury. — When  cold  di- 
lute nitric  acid  acte  on  mercury  it  gives  rise  to  neutral 
or  basic  subsalta,  aa  the  acid  or  mercury  is  in  excess ; 
if  the  acid  be  hot,  a  pernitrate  forms ;  these  salts  are 
3  by  an  excess  of  water,  giving  rise  to  basic 


Jhate  of  M&'evTy  ia  formed  by  boiling  sulphuric 
acid  and  mercury,  and  evaporating  to  di-ynesa.  It  oc- 
curs in  the  form  of  a  white  granular  mass,  and  is  decom- 
posed by  water,  ^ving  a  yellow  precipitate,  a  subsul- 
phate  called  Turpeth  Min&al. 

How  may  calomel  be  made?  When  is  corrosive  snbiimate  form- 
ed? What  is  its  antidote?  What  ia  vermilion?  What  ia  the  pe- 
onliarity  of  the  iodide?  How  is  mercury  deteoled?  Whftt  is  Tur- 
peth Mineral? 
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The  alloys  of  mercury  are  called  amalgams ;  the 
amalgam  of  tin  is  used  for  silvering  lookiiig-g! asses,  and 
that  of  zinc  for  exciting  electrical  machines. 

Gold.    ^i(=197. 

Gold  is  found  native,  and  may  he  obtained  hy  wash- 
ing or  by  amalgamation  with  mercury.  It  may  be  pu- 
rifled  from  silver  by  quartation ;  that  is,  fusing  it  with 
three  times  its  weight  of  silver,  and  then  acting  on  the 
ma^  with  nitric  acid.  The  gold  is  left  as  a  dai'k  pow- 
der. 

From  other  metals  gold  is  distingnished  by  its  yellow 
color.  Its  specific  gravity  is  19.3.  It  melts  at  2016°. 
It  is  the  most  malleable  of  all  the  metals,  as  is  proved 
by  gold  leaf,  which  may  be  obtained  -joiilgTnT  inch  in 
thickness ;  ia  not  acted  upon  by  the  air  or  oxygen.  Ob- 
jects of  art  covered  with  it  have  retained  their  brillian- 
cy for  thousands  of  years.  No  acid  alone  dissolves  it, 
but  it  is  soluble  in  aqua  regia,  and  also  in  chlorine. 

It  can,  however,  be  made  to  yield  two  oxides,  a  pro- 
toxide and  a  teroxide ;  and  two  chlorides  having  the 
same  constitution ;  the  tercblorido  is  formed  by  the  ac- 
tion of  nitromuriatie  acid  (aqna  regia)  on  gold.  When 
evaporated,  it  yields  red,  deliquescent  crystals.  Deox- 
idizmg  agents,  sach  as  protosulphate  of  iron,  reduce  it 
to  the  metallic  state ;  this  is  probably  due  to  their  de- 
composing water  and  presenting  hydrogen  to  the  chlo- 
ride. Hydrogen  gas  decomposes  the  terehloride,  and, 
by  heating,  it  first  changes  into  the  protochloride  and 
then  into  metalfie  gold.  With  a  solution  of  tin  it  forms 
the  Ikfrple  of  Cassiua.  This  and  the  action  of  proto- 
sulphate of  iron  serve  as  a  test  for  it. 

Palladium,  P<1=  54. 
Palladium  is  found  associated  with  platinum,  and  is 
best  obtained  from  the  cyanide  of  palladium  by  ignition. 
It  is  a  white  metal,  requiring  a  high  temperature  for  fu- 
sion; specific  gi'avity  11.5,  It  does  not  taraish  in  the 
air,  is  dissolved  by  nitric  acid  and  aqua  regia,  is  one  of 

What  are  amalgamE  ?  How  does  Rold  occur  ?  What  is  quarta- 
tion ?  What  are  the  properties  of  gold?  How  many  oxides  has  it? 
Wha6  are  tho  tests  for  it?  What  is  tiie  Pnrple  of  Cnssins?  Witli 
what  metal  is  palladium  found?    What  are  its  properties? 


Hc^i^db,  Google 


374  PLATINUM. 

the  welding  metals,  and,  ■when  heated,  acquires  a  purple 
oxidation  like  watch-spriug.  It  ia  used  to  eome  extent 
by  dentists.  Its  compounds  are  not  of  importance,  with 
the  exception  of  the  protochloride,  which  I  have  shown 
to  be  useful  in  increasing  the  opacity  of  under-exposed 
negatives.  It  increases  their  intensity  16  times,  with- 
out any  liability  to  staining  or  injury. 

Platinum.    P(^99. 

Platinum  is  found  native,  but  always  associated  with 
other  metals.  It  may  be  obtained  by  first  forming  a 
chloride  ofplatinum  and  ammonium;  this,  when  ignited, 
leaves  pnre  spongy  platinum,  which  being  exposed  to 
powerful  pressure,  and  then  alternately  made  white-hot 
and  hammered,  becomes  a  solid  mass. 

Platinum  is  a  white  metal.  Its  specific  gfavity  is 
very  high,  being  21,15.  Malleable  platinum  is  manufae- 
tared  by  Deville's  process  as  follows,  230  pounds  hav- 
ing been  fused  in  one  mass.  The  platinum  ore  is  fused 
with  its  weight  of  sulphide  of  lead  and  half  its  weight 
of  metallic  lead.  Some  of  the  impurities  are  thus  sep- 
arated in  combination  with  sulphur,  while  the  platinum 
forms  an  alloy  with  the  lead,  which  is  freed  from  the 
scoriffi,  and  subjected  to  the  joint  action  of  heat  and  air 
until  all  but  about  five  per  cent,  of  the  lead  is  oxidized. 
It  is  then  siibjected  to  the  intense  heat  of  an  oxyhydro- 
gen  flame  in  a  furnace  of  chalk-lime,  where  the  rest  of 
the  lead,  together  with  any  gold,  copper,  and  osmium,  is 
driven  off  in  fumes.  Rhodium  and  iridium  are  left  in 
combination. 

Platinum  is  a  welding  metal,  and  on  this  fact  the  first- 
mentioned  method  of  preparation  depends.  It  is  very 
malleable  and  ductile,  is  not  acted  upon  by  oxygen,  air, 
or  any  acid  alone,  but  dissolves  in  aqua  regia.  It  pos- 
sesses the  extraordinary  property  of  causing  hydrogen 
and  oxygen  to  unite  at  common  temperatures,  an  effect 
which  takes  place  with  remarkable  energy  when  the 
metal  is  in  a  spongy  state.  A  jet  of  hydrogen  falling 
upon  spongy  platinum  in  the  air  makes  it  red-hot,  and 

Of  irhnt  yalue  is  the  protochloride?  Hon  is  platinnm  obtained 
from  its  ores?  What  is  its  specific  gravity  ?  What  is  Deville's  pro- 
cess? Wfint  fluid  dissolves  platioora?  What  relation  does  it  bear 
to  hydrogen  ? 
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the  rapid  transformation  of  alcohol  into  acetic  acid,  and 
various  other  chemical  changes. 

If  a  quantity  of  ether  be  poured  P'<i-  201. 

into  a  glass  jar,  Fig.  291,  and  a  coil 
ofplatinam  wire,  recently  ignited,  be 
iotrodaced,  the  metal  continues  to 
glow  BO  iong  fts  any  ether  is  present 

Platinum  ia  invaluable  to  the  chem 
ist.  It  furnishes  a  variety  of  imple 
raents  of  great  value,  and  is  met  with 
under  the  forma  of  crucibles,  tubes, 
wire,  foil,  etc.  1 

Platirmm,  Slaok  is  prepared  by  '  ___ 
slowly  heating  to  212°  a  BolutioQ  ot 
chloride  of  platinum,  to  which  an  excess  (t  eirbonito 
of  soda  and  some  sugar  have  been  added  It  is  a  daik 
powder,  and  possesses  the  property  ot  detci  mining  a 
variety  of  chemical  changes  with  much  more  energy 
than  platinum  in  mass. 

Platinum  can  be  caused  to  yield  two  oxides,  which 
are  not  »f  any  importance ;  and  two  analogous  chlo- 
rides, of  which  the  bichloride,  which  is  the  common  pla- 
tinum salt,  is  made  by  dissolving  the  metal  in  nitrohy- 
droehloric  acid,  and  evaporating  to  a  sirup.  It  is  solu- 
ble in  water  and  alcohol,  and  is  used  for  detecting  the 
salts  of  potassium,  rubidium,  and  cesium,  which  give 
compounds  insoluble  in  alcohol  and  almost  so  in  water. 

iRlDltJM.      _ZJ'=99. 

Iridium  is  associated  with  platinum.  It  is  said  to 
have  been  found  of  specific  gravity  26.  Dr.  Hare  ob- 
tained it  21.8 ;  it  is  therefore  the  heaviest  of  the  metals. 
Its  name  is  derived  from  the  different  colors  (iris)  of  its 
compounds. 

Rhodium.    Ii—h2. 

like  the  former  metal,  rhodium  is  associated  with  the 
platinum  ores.  It  is  a  hard  white  metal ;  its  specific 
gi-avity  is  11,  and  is  sometimes  used  to  form  tips  to 
metallic  pens. 

Describe  the  fiameless  lamp.    What  is  plat 
is  bichiorido  of  platinum  I    Wliat  are  tho 


of  rhodium? 
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This  is  one  of  the  metals  remaining  in  tliat  portion  of 
the  ore  of  platinum  which  resists  the  action  of  aqua  rc- 
gia.  It  is  hard,  hrittle,  infusible  in  the  oxyhydrogen 
Rame,  but  readily  oxidized  by  fusion  with  nitre,  furnish- 
ing four  oxides. 

OsMiuir,  03=100. 
Obtained  by  precipitation,  it  ia  in  the  form  of  a  black 
powder,  which  acquires  a  metallic  lustre  by  friction. 
The  specific  gravity  slightly  exceeds  that  of  platinum. 
Burned  in  the  ^r,  it  oxidizes,  exhaling  poisonous  fumes; 
h^noe  its  name  {osme,  odor).     It  forma  five  oxides. 

There  are  some  peculiarities  belonging  to  the  six  pre- 
ceding metals — namely,  platinum  and  its  associates — 
which  deserve  notice  in"  reference  to  their  atomic  weights 
and  specific  gravities,  and  which  have  led  to  their  divis- 
ion into  two  groups  of  thiee  each 

Sp.Gr.  AllVt  I  Sn  rr.  At,W*t. 

Platinum 21.15         "19          Palladiiin]  11  8         64 

Iridium 21.80        90         Rliadium  12  0        52 

OBmium 21.10      100  1    Rutliemum  II  3        52 

It  will  be  observed  that  the  specific  giavities  and 
atomic  weights  of  the  first  gronp  are  almost  identical ; 
so  also  are  those  of  the  second  group;  and  in  the  latter 
case  they  are  almost  exactly  one  half  of  those  in  the 
foi-mer. 

What  are  the  propei'ties  of  ruthenium?  of  osniUim?  Wliat  pucu- 
limilioe  belong  to  the  six  pi-oceiling  mctnls ? 
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OKGANIC   CHEJIlSTliY. 


LECTURE  LXVni. 

Composition  of  Organio  Bodies. — Their  lYoneness  to 
Jieeomjtoaition.— Formulas   of  Organia  Substances. 
— Tfi^  Compound  Hadicat  TTieory. — Tlieory  of  Types 
andlMiB  ofE^ivahnt  /Substitution. — Mcamplee  of 
Substitviione. — Homologovs  Compounds. — Action  of 
Seat. — M-emacmm«, — Ihitrefaction. — Di^ffimlHes  in 
t/ie  JVomenclatwe  of  Organic  Bodies. 
Organic  Chemistry,  which  treats  of  the  substanees 
derived  from  the  processes  of  life  and  the  compounds 
that  arise  from  them,  has  been  defined  as  the  chemistry 
of  the  compoimds  of  carbon,  because  ail  such  bodies, 
■with  a  few  exeeptiona,  as  ammonia,  contain  that  ele- 
ment, and  are  more  or  less  combustible.    Thrae  other 
elements,  hydrogen,  nitrogen,  and  oxygen,  also  eutev 
largely  into  their  constitution,  while  potassa,  soda,  lime, 
magnesia,  iron,  arsenic,  clilorine,  fluorine,  sulphur,  phos- 
phorua,  silica,  eta,  are  found  to  a  limited  extent,  or  may 
be  made  artificially  to  become  components  of  them. 
The  variety  in  the  nature  of  substances  -which  distin- 
guishes inorganic  chemistry  is  here  replaced  by  a  va- 
riety resnlting  from  tlic  varied  groupings  of  a  few  ele- 

The  atomic  constitution  of  organic  substances  is  much 
more  complex  than  that  of  inorganic ;  fibrin,  for  exam- 
jije,  is  regarded  as  having  the  formula 

four  hundred  and  eiglity-two  atoms  entering  into  the 
composition  of  one  of  its  atoms;  while  soda  and  potas- 
sa consist  of  only  two  atoms,  carbonic  acid  of  three, 


Hc^i^db,  Google 


3T8        cosiposmuN  IP  OF    vMC  sUBsr^">(ci  ^ 

sulphuric  acid  of  foui  etc  4s  a  consequence  of  tli  s 
coniplexitj  oiganic  sub^tinces  exhibit  i  j,reat  pioie 
iiess  to  decompoaition  \eij  Blight  cinsts  suihcm^  to 
break  down  then  constitution  by  destroying  the  bil 
mice  of  affinities  and  gne  oiigin  to  simplei  and  in  Die 
stable  compounds  In  the  bo  lies  of  aninnls  tiie  piol 
ucts  of  oxidation  ind  metinion  hosis  of  nitiogemzed 
substances  have  continually  to  be  removed  by  the  pio- 
cess  of  eecretion  for  a  healthy  condition  to  be  indntain- 
ed.  As  soon  as  death  ensues  a  genei'al  decomposition 
sets  in,  and  in  a  short  time  the  tissues  are  resolved  into 
afew  simple  substances — water,  ammonia,  carbonic  acid, 
etc.  "  At  the  same  time,  the  force  which  was  locked  up 
in  them  is  liberated  generally  in  the  form  of  heat.  Be- 
fore those  products  can  again  become  organized,  a  fresh 
supply  of  force  must  be  furnished  from  the  sun ;  the 
carbon  of  carbonic  acid  can  not  agdn  enter  as  a  constit- 
uent into  gum,  or  albumen,  or  fibrin,  unless  under  the 
influence  of  the  yellow  ray  of  light.  In  this  respect  the 
vegetable  and  animal  kingdoms  stand  in  a  position  of 
antagonism  or  counterpoise  ti>  one  another,  plants  or- 
ganizing food  for  animals,  and  they,  in  turn,  oxidizing 
organized  products  so  as  to  be  suitable  for  the  suste- 
nance of  plants. 

Many  organic  substances,  which  yield,  on  analysis,  pre- 
cisely the  same  percentage  amounts  of  their  ingredients, 
have  yet  properties  altogether  distinct.  In  oi'der  to  ac- 
count for  such  distinctions,  chemists  have  been  forced  to 
the  conclusion  that  the  nature  of  a  body  does  not  de- 
pend alone  on  its  constituent  elements  nor  their  relative 
amounts,  but  on  the  varied  manner  in  which  a  largo 
number  of  atoms  may  arrange  themselves.  This  is 
teiTOed  Grouping.  The  different  allotropic  states  that 
the  combinlijg  substances  may  on  diiferent  occasions 
present  also  influence  the  result  ^Lecture  XXXVII.). 

When  the  formula  of  an  organic  substance  merely  ex- 
presses the  number  of  atoms  of  each  element  present  in 
it,  it  is  called  empirical;  if,  on  the  contrary,  the  formu- 

What  occufs  lo  organizetl  products  in  the  bodies  of  animals? 
What  takes  place  aftov  doalh  ?  Whence  does  the  force  Stoiod  up  in 
vegetable  produclB  come?  Ara  substances  having  the  same  percent- 
age amount  of  ingredients  identical  ?  What  is  meant  by  grouping  ? 
What  is  the  difFevenoe  between  nn  empirical  and  a  rational  formula? 
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la  professes  lo  sbow  the  actuaJ  arrangement  of  tbe  at- 
oms, it  is  called  rational.  Thus  alcohol  has  the  empirical 
formula  C^H^O^;  its  rational  formula  is  (C'^-S^)  O+IIO, 
if  it  be  regarded  as  the  hydrated  oxide  of  elhyle  on  the 
compound  radi<ffll  theory. 

The  Compound  Madical  Theoty.  —  The  compound 
radical  tbeory  assumes  that  in  organic  chemistry  cer- 
tain groops  of  atoms  play  the  part  that  elements  do  in 
inorganic  chemistry.  A  compound  radical  is  therefore 
a  body  which  combines  like  an  element  with  elementary 
bodies  or  with  other  compound  radicals.  Some  of  these 
radicals  have  been  isolated,  as,  for  example,  cyanogen 
(C^iV^jibnt  most  of  them  have  only  a  hypothetical  ex- 
istence. This  view  of  the  constitution  of  organic  com- 
pounds hiis  many  advantages,  and  greatly  facilitates 
classification.  The  following  table  indicates  the  princi- 
pal compound  radicals ; 

Table  of  Compound  Itadiccds. 


Amide. 

Salicjle. 

Propionyle 

Carbonic  Oxide. 

Cinnamylo. 

ISutyle. 

Cyanogen. 

Gniacjle. 

Untyryle. 

Elhjie. 

Volotyle. 

FeiridoyHuogen. 

Acetyle. 

Csprotylc. 

Kakodylo. 

CEnanthyfc 

Chromocjanogen. 

Methyle. 

Oetyfe. 

Platinocyanogen. 

Forniylc. 

Cnproylc. 

Iriiliocyan^^en. 

Cetylo. 

Nonyle. 

Amyle. 

I'elaigyle. 

Mellone. 

Glyeeryle. 

Rotylc. 

Uryle. 

Pvopjl., 

I'almitylo. 

Benzoyle. 

Some  of  these  dischai-ge  the  duties  of  electro-nega- 
tive, some  of  electro-positive,  and  some  of  indifferent 
bodies. 

The  Theory  of  Types. — In  the  theory  of  types  and 
law  of  equivalent  substitution  substances  are  divided 
into  classes,  and  from  each  class  one  member  is  selected 
as  the  type.  From  its  formula  those  of  all  the  rest  arc 
derived  by  substituting  for  one  or  more  of  its  atoms, 
atoms  of  otiier  elementary  substances,  or  else  groups 
of  atoms. 

What  is  the  compound  radical  i 
tlietical?  Name  the  principal  c 
tlieory  of  types  ? 
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As  an  examplo  of  such  a  type,  wo  may  take  ■water 
arising  from  the  union  of  one  atom  of  liydrogen  with 
one  of  oxygen.  Its  atom  of  oxygen  may  "be  replaced 
by  one  of  chlorine  or  one  of  ioidine,  or  by  a  compound 
radical  sneh  as  cyanogen,  and  thus  successive  classes  of 
the  original  type  arise.  Types  submitted  to  substitu- 
tion yield,  therefore,  different  classes  or  forms. 

These  substitutions  ai'e  not  necessarily  restricted  to 
one  of  the  constituents ;  thus,  in  the  chloride  of  sodium, 
iVa  Gl,  -we  may  replace  the  metal  by  potassium,  calcium, 
etc. ;  or  we  may  replace  the  chlorme  by  iodine,  bro- 
r  cyanogen,  the  type  in  both  instances  being  still 


instead  of  the  type  of  water,  we  may  examine  the 
type  of  ammonia,  which  is  of  very  frequent  occurrence 
in  organic  chemistry.  It  is  to  be  remarked  that  in  the 
substitution  of  one  element  for  another,  it  is  not  neces- 
sary that  they  should  be  of  the  same  electrorchemioal 
character;  thus  electro-positive  hydrogen  may  be  sub- 
stituted by  electro-negative  chlorine  or  oxygen. 

The  following  table  exhibits  instances  of  substitution 
in  the  ammonia  type,  the  compounds  being  ammonias, 
that  is,  bases  bearing  an  analogy  to  ammonia ;  the  salts 
are  strictly  analogous. 

JI) 

Type,  II  Y  iV=  Ammonia. 

CJIA  (-\U,i  OJC,) 

ji  [  jsr        vjL  \  X        Gji,  \  n 

II)  u\  C\II, ) 

Substitutions  are  distinguished  as  partial  and  com- 
plete. Of  the  former,  the  substitution  of  hydrogen  by 
chlorine  in  Dutch  liquid  is  an  example  : 

Dutch  liquid,  G^B:^C%={G^H^CI^ 
1st  substitution,  GJI^G^=l{g^'^  'ct)^^2 

Give  an  illustration  from  tho  tjpo  of  water ;  from  the  clilortdo  of 
sodium.  What  must  be  tho  eleotriwiheroical  character  of  the  sub- 
stiCated  clement  ?  Give  an  example  of  Bubstitntion  in  the  ammonia 
type.     Give  an  explanation  of  the  substitutions  in  Dutch  liqttid. 
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2d  substitution,  C^ir^Clt^yC\\^l\Ck 
3d  "  C,IIGh^{C,\^^)Cl, 

4tli  "  C\Cle={C\CQGl., 

In  complete  eabstitiition,  the  diBplacement,  i 
term  indicates,  is  immediate  and  total. 

The  doctrine  of  compound  radicals  and  that  of  sub- 
stitution have  been  regarded  as  being  inconsistent  with 
each  other.  There  can  be  no  doubt  that  the  latter  fa- 
cilitates the  study  of  organic  chemistry  very  much ;  but 
there  can  also  be  no  doubt  of  the  actual  existence  of 
many  compound  radicals,  since  they  have  been  isolated 
or  obtained  in  a  separate  state. 

The  Lav}  of  Homologous  /Series. — A  series  of  com- 
pounds is  homologous  when  each  member  differs  from 
the  others  by  a  definite  number  of  equivalents  of  carbon 
andhydiogen,  m  by  some  multiple  of  it,  and  when  the 
pioperties  of  thc-e  compounds,  though  they  m^  be 
simdai,  diffei  in  degiee  fiom  eich  other  The  boUmg 
pomts,  as  well  as  the  specific  gnvities,  may  use  giadu 
illy,  01  the  compounds  miy  giadu^Ilj  turn  fiom  tho 
liquid  into  the  ^ohd  condition  The  following  example 
is  an  illastiition  of  homologj 

Formic   Acid  C  J^iO. 

Aietic  CJl.O^ 

Propiomo    '  cAOi 

Ba«no       "  C,HsO. 

■Valenanic  C-,^M  ^Oi 

Palmitic      "  Csa^s^O, 

St«ano  '  OatiistOi 

Theie  is  an  nnology  between  homologous  gioups  of 
oigimc  compounds  and  certain  gioups  of  elementary 
bodies  Foi  instance,  chloime,biomine  ind  iodine  di! 
fur  fiom  one  mother  precisely  as  any  thiee  continuous 
homologous  compounds  might  do  Chlonne  is  in  eisi 
Ij  condeniible  gis,  bromme  i  volatile  liquid,  iodine  i 
\  olatile  sohd  In  aftimty,  bromme  is  intermediate  be- 
tw  een  the  othei  two,  is  it  ib  likewise  m  atomic  ■«  eight 


Are  the  compound  iriliofll  theory  and  that  ot  types  ir 
When  la  a  senea  homolotons?     Givi,  nn  example  ot  homoloEJ 
What  analogy  n  theie  between  homologous  gioups  and  eertiin  ele 
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Tlie  couclusion  lias  been  drawn,  therefore,  that  bromino 
is  made  up  of  half  an  atom  of  each  of  the  other  two,  and 
is  therefore  a  compound  body.  It  ia  curious  that  such 
cousiderations  connected  with  the  obscurer  facta  of  chem- 
istry bring  us  back  to  the  ancient  doctrine  of  transma- 
tation  spoken  of  in  Lecture  I.  If  an  atom  of  chlorine 
and  one  of  iodine  may  be  considered  aa  capable  of  orig- 
inating two  atoms  of  bromine,  the  discovery  of  a  metal 
homologous  with  gold,  as  sodium  ia  with  potassium  and 
lithium,  would  lead  to  the  expectation  that  that  metal 
might  be  transmuted  into  gold. 

From  this  point  it  would  appear  that  such  substances 
aa  chlorine,  bromine,  and  iodine  are  not  to  be  regarded 
aa  elementaiy  bodies,  but  as  homologous  compounds, 
having  a  common  difference  between  them,  just  as  is  the 
case  between  formic,  acetic,  and  propionic  acida  in  the 
last  table. 

Combination  of  organic  compounds  it  was  sapposed 
can  only  be  produced  by  the  agency  of  the  vital  princi- 
ple, as  manifested  in  animals  or  plants ;  but  instances  arc 
now  accumulating  which  demonstrate  that  that  opinion 
can  no  longer  be  maintained.  Thus  urea  may  be  made 
artificially  by  warming  a  solution  of  cyanate  of  ammo- 
nia; formic  acid  may  be  prepared  from  carlKiniG  oxide; 
and  from  the  formiates  so  resulting,  marsh  gas,  olefiant 
gas,  and  propylene  may  be  obtained ;  propylene  may  be 
converted  into  glycerine,  the  proximate  principle  of 
fats,  and  from  glycerine  a  variety  of  sugar  may  be  pro- 
duced. 

Organic  compounds,  by  reason  of  their  complex  con- 
stitution, are,  as  has  been  said,  prone  to  break  up  into 
subordinate  groups,  and  eventually  into  biuaiy  bodies, 
carbonic  acid,  water,  and  ammonia.  A  slight  elevation  of 
temperature  ia  often  sufiicient  to  establish  these  changes 
both  in  the  absence  and  in  the  presence  of  aii-.  Thus 
the  decay  of  wood  and  the  turning  sour  of  wine  occur. 
Where  the  temperature  is  higher  with  the  copious  ac- 
cess of  air,  the  change  promptly  goes  on  to  Ita  last  re- 
sult, the  carbon  finally  passing  into  the  condition  of  car- 

WliBt  bearing  have  these  facts  on  transmntatJou?  What  view 
may  bo  taken  of  iodine,  bromine,  and  chbrine  ?  How  may  organic 
cotnpounda  he  artificially  produced  ?  Give  esaniplea.  What  effect 
lias  tenipovalmo  on  orgnnie  compounila  ? 
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bonic  acid,  the  hydrogen  into  water,  and  the  nitrogen 
escaping  as  free  gas.  To  the  slower  change  the  title  of 
eremacauais  has  been  given,  to  the  more  active  combus- 
tion. No  organic  substance  can  withstand  a  red  heat, 
even  iu  the  absence  ofthe  air,  wifhout  being  totally  de- 


When  an  organic  substance  is  undergoing  slow 
changes,  and  is  brougijt  in  contact  with  another  capa- 
ble of  being  similarly  affected,  this  last  may  become 
involved  in  the  decomposition.  Thus,  when  yeast,  a 
changing  nitrogenized  body,  is  diffnsed  through  a  solu- 
tion of  sugar,  the  sugar  atom  is  divided  into  carbonic 
acid  and  aXcohal,  fei-m,6ntation,  as  it  is  termed,  taking 
place.  In  like  manner,  putrescent  animal  material  will 
rapidly  bring  on  the  putrefaction  of  fresh  animal  sub- 
stance. 

Both  acids  and  bases  are  prone  to  produce  change  in 
organic  compounds.  The  preparation  of  carbonic  ox- 
ide by  the  action  of  sulphuric  acid  on  oxalic,  described 
in  Lectnre  LIV.,  is  an  example  of  the  former,  and  that 
of  bai'yta  on  the  acetate  ofpotassain  the  production  of 
marsh  gas  an  instance  of  the  latter. 

From  what  has  been  smd  respecting  the  complex  con- 
stitution of  organic  bodies,  it  will  be  inferred  that  their 
classification  and  nomenclature  are  attended  with  vei'j' 
great  difficulties.  An  example  ofthe  attempts  to  indi- 
cate the  constitution  of  these  substances,  not  only  so  far 
as  their  grouping  is  concerned,  but  also  in  translating 
their  fonnulEe  into  language,  will  satisfy  the  reader  of- 
the difficulty,  if  not  impossibility,  of  rendering  such  at- 
tempts available  for  nse. 

Thus,  Cgo^iaiP'j  is  called  dicyanonielaniline;  and 
G^s-Su^,  O,  SO,  that  is,  NMeAeAyWh  0,  HO  is  call- 
ed methyJethylamylophenylinm. 

The  arrangement  of  organic  bodies  that  I  shall  follow 
is  therefore  employed  rather  from  its  usefulness  than 
from  its  scientific  propriety. 

What  aro  eremacausia  nnd  combustion  ?  What  is  fermentation? 
How  may  putrefaction  be  produced  ?  Giro  instances  of  the  action 
of  acids  and  bases  on  organic  compounds.  What  difiieulties  are 
tliere  with  llie  nomenclainro  of  organic  bodies  ?     Gire  examples. 
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LECTURE  LXIX. 
Analysis  of  Oeganic  Substances, — I^oximate  and 

Ultimate  Analysis.  —  Qualitative  ami  QuantUative 

Arudysis. — Pi'ocesses   of  Quantitatim  Analysis. — 

Desor^tion    of  Imiruments.' —  Dialysis.  —  (Jryetal- 

loids  and  Colloids. 

Oesaistic  analysis  may  be  either  proximate  or  ulti- 
mate. Blood,  foi-  example,  analyzed  proximately,  coa- 
BistB  of  -water,  fibrin,  albumen,  disks,  etc.,  while  its  ulti- 
mate ingredients  are  carbon,  hydrogen,  nitrogen,  etc. 

Ultimate  organic  analysis  may  be  qnalitative  or  quan- 
titative. Ill  the  former,  where  the  nature  of  the  ingre- 
dients alone  is  required,  a  few  simple  processes  only  are 
necessary.  The  presence  of  carbon  is  ascertained  by 
the  charring  or  blackening  produced  by  beat  or  snipburio 
acid ;  that  of  nitrogen  by  tbe  smell  resembling  burning 
hair  when  raised  to  a  high  temperature.  Less  quanti- 
ties of  nitrogen  are  detected  by  the  formation  of  ammo- 
nia when  the  substance  ia  boiled  in  a  solution  of  caustic 
potassa.  Compounds  containing  sulphur  are  oxidized 
by  carbonate  of  soda  and  nitrate  of  potassa  at  a  melting 
heat,  and  the  sulphuric  acid  produced  precipitated  as 
sulphate  of  baryta.  The  same  treatment  is  used  for 
phosphorus,  the  phosphoric  acid  being  tested  for  with 
perchloride  of  iron  and  acetate  of  soda,  or  with  molyh- 
date  of  ammonia.  Inorganic  substances  are  first  pro- 
cured as  aah  by  ignition  on  platinum,  and  then  tested 
as  usual  in  inorganic  chemistry. 

Quantitative  Organic  Analysis  is  theoretically  simple, 
but,  on  account  of  the  many  precautions  necessary  to 
avoid  loss,  and  the  accuracy  required  to  detect  the  mi- 
nute differences  in  composition,  is  practically  difficult. 

In  the  determination  of  a  compound  which  contains 
carbon,  hydrogen,  and  oxygen,  or  only  the  first  two,  the 
object  is  to  oxidize  them  completely,  and,  weighing  the 

"What  is  meant  by  a  proximate  and  what  by  an  ultimate  analyeia  ? 
How  is  the  preeence  of  carbon,  nitrogen,  salplinr,  pliosphonis  detect- 
ed ?  Why  is  qnaiitilatiTe  analysis  difficult  ?  How  is  the  analysis  of 
a  compound  containing  cnrbon  and  hydrogen  conducted  F 
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oaiboii  as  carbonic  aicd  and  the  hydrogen  as  ■water,  to 
estimate  the  oxygen  by  the  loss,  if  there  bo  any.  This 
oxidation  is  accomplished  by  mixing  tho  finely-powder- 
ed body  with  oxide  of  copper  or  chromate  of  lead,  sub- 
stances readily  yielding  \ip  their  oxygen,  and  subjecting 
the  whole  to  heat  in  a  tube  closed  at  one  end  and  cora- 
raimicating  by  the  Other  with  appropriate  reagents. 
The  steps  of  the  process  wUl  be  moat  easily  understood 
by  an  example.  The  analysis  of  sugar  is  conducted  as 
follows : 

A  crystallized  variety  of  sugar  being  selected  and 
finely  powdered,  is  dried  at  212°  by  tho  aid  of  a  water- 
tath,  whioh  ooasist*  of  a  cnbical  chamber  aurrounded 
on  five  sides  by  boiling  water,  and  with  a  current  of 
aii'passing  continually  through  it. 

The  combustion-tube  in  which  tho  oxidation  is  eficet- 
ed  is  made  of  hard  glass,  shaped  as  in  Mg.  292,  the 

ah  c 

pointed  end  or  beak  being  closed.  It  is  a  foot  or  eight- 
een inches  long,  and  less  than  half  an  inch  in  diameter. 
A  sufficient  supply  of  oxide  of  copper  to  fill  it  is  l-aised 
to  a  red  beat  in  a  crucible  to  expe!  moistare  and  then 
allowed  to  cool.  The  tube  from  c  to  the  beak  is  filled 
with  oxide,  from  S  to  e  with  the  oxide  ground  in  a 
warm  mortar  with  a  weighed  quantity  (about  five 
grains)  of  the  sugar,  and  from  a  to  5  with  oxide.  On 
shaking  the  tube  while  in  a  horizontal  position,  the  con- 
tents settle  sufficiently  to  leave  a  free  passage  for  the 
evolved  gases  from  one  end  to  the  other. 

The  contents  of  the  tube  are  freed-from  any  moisture 
tbat  may  have  accumulated  in  them  by  the  appara,tus 
J*^,  293.  J>  is  a  wooden  trough,  G  the  combustion- 
tube,  S  a  tube  containing  chloride  of  calcium.  The 
trough  is  filled  with  hot  sand,  as  seen  below,  and  the 
air  exhausted  from  5  and  C  by  the  syringe.  A  fresh 
supply  of  air  is  admitted  by  the  stopcock  a.     The  air 

t[iB  Filj. ; 
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is  dried  by  the  chloride  ot  cilciuiu  hcforc  reaching  (7- 
This,  in  its  tni'D,  ia  pumped  out,  and  the  process  is  re- 
peated ten  or  twelve  time^ 

The  next  operation  is  the  combustion.  This  is  con- 
ducted by  the  aid  of  clnicoil  m  i  sheet-iron  ca.se  called 
a  Liebig's  combustion  furnace.  Fig.  294.     The  bottom 


of  the  case  is  perforated  to  admit  a  draught  of  air,  and 
from  it  rise  a  number  of  supports  of  iron  to  sustain  the 
combustion-tube.  As  the  whole  length  of  the  tube  is 
not  to  be  heated  at  once,  a  mova:bIe  screen  of  sheet-iron 
has  also  to  be  provided. 


How  is  the  combastion-funiaeo  ci 


ucted? 
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The  entire  ai'vangement  for  combustion  put  together 
s  seen  in  Mg.  295 ;  a  is  tlie  combustiOQ-tiibe,  b  li  a 


weighed  tube  contiming  chloride  of  calcium,  c  a  piece 
of  India-iubber  tubing,  «i  rp  a  Liebig's  potaesa  bulbs. 

The  Liebig's  bulbs  is  paitly  filled  with  a  solution  of 
oaustic  potassa  of  a  epeciflc  gravity  1,25  and  iveighed. 
Its  pecauai  form  lias  been  contrived  in  order  to  subject 
a  gas  passing  through  it  completely  to  the  action  of  the 
potassa,  so  as  to  be  certain  that  all  carbonic  acid  is  ab- 
sorbed. 

The  part  of  the  combastion-tube  nearest  to  the  chlo- 
ride-of-ca!oi«m  tube  is  first  heated  by  fragments  of  ig- 
nited charcoal.  These  are  obtained  from  a  smaJl  sub- 
sidiary furnace.  The  heat  is  prevented  from  affecting 
the  remainder  of  the  tube  by  the  movable  screen  ff, 
which  has  gi'adually  to  be  shifted  an  inch  at  a  time 
down  the  length  of  the  corabastion -tube,  nntU  the 
whole  has  been  subjected  to  a  red  heat.  The  bubbles 
of  gas  should  not  be  made  to  pass  through  tlio  caustic 
potassa  faster  than  two  in  a  second.  At  tlie  cud  of  the 
operation  the  charcoal  should  be  fanned  to  raise  the 
temperature  to  such  a  point  that  all  the  sugar  may  be 
with  certainty  burned. 

The  point  of  the  beak  is  then  broken  off,  and  a  small 
quantity  of  air  drawn  thvoagh  by  affixing  a  cork  to  the 
tube^  and  applying  the  mouth.  This  removes  the  re- 
maining products  of  combuetioo.  It  is  only  necessary, 
in  order  to  finish  the  analysis,  to  weigh  again  the  chlo- 
ride-of-oalcium  tube  and  Liebig's  bulbs,  and  to  calculate 
the  results.  The  increase  of  weight  in  the  chloride  of 
caJcinm  indicates  how  much  water  it  has  gained,  and 
from  that  the  amount  of  hydrogen  is  easily  found ;  the 

Descrilra  Fig.  295.  What  is  the  Liebig's  bulbs  for,  and  why  is  it 
so  shuped?  Describe  the  operation  of  comliiislion.  What  are  the 
isEt  alaps  of  the  anaJjsis  ? 
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increase  in  the  potiissa  represents  carbonic  acid,  pro- 
duced from  the  oxidation  of  the  carbon. 

Where  the  substance  analyzed  is  not  as  combustible 
as  sugar,  it  is  necessary  to  add  chlorate  of  potassa  to 
the  oxide  of  copper,  or  else  to  use  chromate  of  lead. 
The  latter  salt,  not  being  hygrometric,  may  also  be  used 
for  substances  that  ■\vonld  be  decomposed  by  tbe  -warm 
oxide  of  copper  when  ground  in  a  mortar.  Atler  it  has 
been  heated,  it  may  be  allowed  to  become  perfectly  cool 
before  being  put  into  the  combustion-tube, 
Volatile  fluids  are  iveighed  out  in  bulbs  shaped  aa  in 
Fig.  20e,  the  bulbs  being  filled 
by  the  acid  of  a  epirit-Iamp 
,  and  the  neck  then  sealed. 
After  weighing,  but  before 
^  being  put  mth  the  oxide  of 

Loppei    in    the    combustion 
tube,  the  neck  is  bioken  oil 

The  mtiogen  m  oiganic  compounds  miy  be  deteim 
ined  eithet  as  free  gas  on  as  ammonia  In  the  formei 
case,  the  appiiatus  Fi</  217  is  niiud     The  combustion 


tube  is  two  feet  long,  closed  at  one  end  lik 
At  the  closed  end,  «,  dry  bicarbonate  of  soda  is  placed 
for  six  inches,  then  an  inch  and  a  half  of  oxide  of  cop- 
per. These  are  followed  by  a  weighed  quantity  of  the 
dried  organic  substance  that  has  been  ground  with  warm 
oxide  of  copper,  a  little  pure  oxide,  and,  finally,  a  layer 
of  copper  turnings  five  inches  long. 

The  copper  turnings  are  for  the  purpose  of  setting 
free  any  nitrogen  that  may  have  united  with  oxygen  to 

When  tlie  snbstance  is  not  combustible,  wli at  mnst  be  done? 
How  nro  volntile  fluids  tre.ited  1  How  may  nitrogeii  be  determ- 
ined? Desciibe  the  ilecormi nation  as  fieo  gas.  What  are  the  cop- 
per tiuninga  for  ? 
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form  nitrous  acid.  The  heating  is  conducted  as  in  the 
foi-nier  case,  except  that  a  pail  of  the  bicarbonate  of 
soda  must  first  be  decomposed  to  di'ift  out  the  air  in 
the  apparatus,  and  that  the  copper  turnings  must  be 
kept  at  a  red  lieat  while  the  actual  combustion  is  in 
progress.  Instead  of  the  analysis  being  terminated  by- 
drawing  air  through  the  apparatus,  the  remaining  part 
of  the  bicarbonate  is  decomposed,  so  that  the  residue 
of  nitrogen  may  be  expelled  by  carbonic  acid. 

The  nitrogen  is  collected  by  the  aid  of  the  tube  a, 
Mg.  29'r,  io  a  graduated  cylinder  over  mercury,  the  cyl- 
inder containing  enoogh  solution  of  caustic  potassa  to 
absorb  the  carbonic  acid  that  comtB  over. 

In  determining  nitrogen  as  ammonia  by  the  method 
of  Varrentrapp  and  Will,  the  niti'ogen  is  converted  into 
ammonia  by  igniting  the  compoand  containing  it  with 
ttoda-lime,  a  mixture  of  caustic  soda,  1,  and  caustic  lime 
2  parts.  The  soda^lirae  furnishes  hydrogen  from  its 
water  to  the  nitrogen,  forming  ammonia ;  the  oxygen 
ofthe  water  unites  with  the  carbon  of  the  organic  body. 
Tho  ammonia  is  passed  through  a  Varrentrapp  and 
"Will's  bulbs,  partly  filled  with  hydrochloric  acid  of  a 
specific  gravity  of  1.13,  c, -Pi;/.  29S.     The  tube  c?  serves 


to  connect  it  v.  ith  the  tombustion  tube  a  in  the  furnace 
(/.  By  tie'itmgthe  contents  of  the  bulb  apparatus  with 
bichloride  of  platmum  the  double  chloride  of  platinniu 
and  ammonn  is  formed,  ind  may  be,  after  evaporation 
to  dijness  lod  washing  with  ether  and  alcohol,  collect- 
ed on  a  filtei  ind  weighed 

Sdlphui  compounds  aie  osidized  is  stated  in  the  be- 
ginning of  this  lectme,  and  weighed  as  a  sulphate  of 

How  lo  the  mtiOKen  pr>lleclcd?  How  may  the  nitroKSn  bu  con- 
loi'ted  into  inimonia?  Descnbe  tlie  Jeteiminafion  of  nitrogen  fls 
fro9  nmmonia     How  nre  sulphur  and  chloiinc  determined  ? 
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baryta.  Chlorine  ia  determined  as  cliloricTe  of  silver, 
the  substance  being  ignited  with  soda-lime,  the  mass 
dissolved  in  dilute  nitric  acid,  and  precipitated  with  ni- 
trate of  silver. 

A  process  of  analysis  has  been  invented  by  Graham 
called  IHalysia,  in  which  the  principles  of  liquid  diffu- 
sion are  brought  into  use.  He  divides  all  substances 
into  two  classes,  (sryataUoids  and  eoUoids;  the  former 
being  capable  of  crystallization,  and  possessing  a  tend- 
ency to  diffusion  through  porous  septa ;  the  latter  being 
of  a  viscid,  glutinous  nature,  like  solutions  of  gum.  The 
following  table  shows  the  time  of  diffasion,  hydrochloric 
acid,*bo  most  diffusible  of  known  bodies,  being  taken 
as  unity. 

Table  of  Times  of  Equal  Diffusion. 

Hydrochloric  Acid 1       I  Snlphate  of  Magnesin....  7 

Chloridoof  Siadiiim 2.33    Albumen 49 

Cane  Sugar 1       \  Caramel 98 

The  process  of  dialysis  is  best  understood  from  un  in- 
stance. Make  a  shallow  tray  by  stretching  a  piece  of 
parchment  paper— that  is,  paper  modified  by  sulphurio 
acid — over  a  hoop  of  gntta  percha.  Having  placed  the 
mixture  to  be  analyzed  in  the  tray,  float  it  in  a  dish  of 
water.  In  a  day  or  two  the  crystalloids  will  have  dif- 
fused through  the  paper  into  the  water,  from  which 
they  may  be  obtained  by  evaporation,  Arseuious  acid 
may  in  this  manner  be  separated  from  the  contents  and 
tissues  of  a  stomach. 

Some  colloids  are  found  among  inorganic  bodies,  as 
in  the  case  of  gelatinous  sihcio  acid ;  but  they  are  most- 
ly organic,  and  of  complex  atomic  constitution.  The 
ei'ptalloid  is  the  stable,  while  the  colloid  is  the  change- 
able condition  of  matter.  The  latter  is  perpetually  tend- 
ing to  turn  into  the  former. 

What  is  dialjsis  ?  What  classes  are  Bubstances  divided  into,  and 
what  ai'e  the  properties  of  each  ?  Give  the  rata  of  diffusion  of  some 
bodies.  l)esciibe  the  pi'oeess  of  dialysis.  What  is  tlio  differenco 
between  the  crystalloid  and  colloid  states  of  matlei? 
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LECTURE  LXX. 
The  NoN-NiTEOGEsizED  Bodies. — The  Starch  Group. 
— Staa-ch. — Fropertiea. — 2'ests  for  various  Mmna  of 
Slarek. — I¥oduction  ofDea^ne. — Action  of  Dias- 
tase.— British  Gv.m,. — Cane  Sugar. — Action  of  Sug- 
ar on  Polarized  Lighi. — Grape  Sugar. — Milk  Sug- 
ar. —  Gum. — lAgnine. 

The  non-iiiti'Ogenized  bodioa  which  we  shall  first 
consiclGv  are  characterized  by  the  peculiarity  that  they 
form  a  group,  each  member  contaiuing  twelve  atoms  of 
carbon  united  with  hydrogen  and  oxygon  in  the  pro- 
portions to  form  water.  They  are,  for  the  most  part,  in- 
different bodies. 

2'he  Starch  Group. 

Starch O^^H.^^O.^ 

Cane  Sugar  (erystnllizcd) (7,sHi,0„ 

Grape  Sugar C„1T,,0„ 

Fraie  Sugar C,JI,sO,2 

MilkSagar C,^B„0,, 

Gnm C,JInO„ 

tignine C\.H^  O, 

Etc  Etc. 

Starch, Feoula,  Amylum  {Ci^H-^^Oi^,  is  found  abun- 
dantly in  the  vegetable  kingdom,  and  may  be  obtained 
from  potatoes  by  rasping,  and  washing  the  mass  upon  a 
sieve,  the  starch  being  carried  off  by  the  water.  It  may 
also  be  obt^ned  from  flonr  by  making  the  floor  into 
a  paste  with  water  and  then  washing  it.  The  starch 
separates,  and  gluten  is  left  behind. 

It  is  a  white  snbstance,  commonly  met  with  in  iiTeg- 
ular  prismatic  masses,  which  shape  it  assumes  whDe 
drying.  It  is  almost  insoluble  in  cold  watei-,  and  en- 
tirely so  in  alcohol  and  ether.  It  consists  of  granules 
of  different  sizes,  as  in  Fig.  299,  those  of  the  potato  be- 
ing about  the  two  hundred  and  fiftieth  of  an  inch  in  di- 
ameter. 

What  is  the  peculiarity  of  tlie  starch  group  ?  Name  the  members 
of  the  starch  group,  and  give  their  composition.  Whence  is  starch 
obtained  ?    What  nro  its  propeilief!  ? 
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r  1   13  When  starcli  is  heated  in  wa- 

^r^  tei,  the  covering  iiiemLrane  of 

3    C^  ^"^"^  gionule  burets  open,  and 

>^4  ^^         the  interior  matter  dissolves  out. 

^^    r^^W         ^^  *^'*  proportion  of  etarch  be 

^P?    (3   ^^,r^^  consideiable,  the  whole  forms  a 

^<S^    (^9   1^">  ^'^^  mass,  which  may  be 

^^       ^M    ^^""^    dned  into  a  yellowish  body  hav- 

^^^      ^'"'^  ing   tbe    same    constitution   as 

^^^^  Btaith  itself,    Gelatinons  starch 

passes  under  the  name  of  Amidine. 

With  free  iodine  starch  strikes  a  deep  blue  color. 
When  water  containing  this  compound  ie  heated  to 
213°  the  color  totally  disappears,  and  is  not  restored 
on  cooling;  but  if  the  Bonrce  of  heat  be  removed  as 
soon  as  the  color  disappears,  and  when  the  temperature 
is  not  much  above  160  ,  the  color  returns.  Starch  and 
iodine  constitute  an  exceedingly  delicate  test  for  each 
other.  Paper  impregnated  with  starch  and  iodide  of 
potaseiam  is  blued  by  chloi-ine  and  bromine,  and  is  use- 
ful as  a  test  for  ozone. 

In  commerce,  Btarch  is  found  under  various  modiiiea- 
tiona,  such  as  ArroiB-rooi,  Tapioca,  Cassava,  Sago, 
Wheat  starch.  Potato  starch,  Hice  starch,  Tous  UsMois, 
etc.  It  forms  an  important  constituent  of  respiratoiy 
or  heat-making  food,  and  is  said  to  e.xist  in  the  ventri- 
cles of  the  brain,  Inulme,  which  is  derived  from  the 
dahlia  and  other  plants,  is  a  substance  approaching 
starch  in  many  respects. 

When  starch  is  boiled  in  water  with  a  small  quantity 
of  snlphuric,  hydrochloric,  or  nitric  acid,  it  changes  into 
Dextrine,  a  substance  of  the  same  composition ;  the  sul- 
phuric acid  can  bo  subsequently  removed  by  carbonate 
of  lime  and  filtration,  dextrine  being  procured  on  evap- 
oration as  a  gummy  mass.  But  if  the  ebullition  be  con- 
tinued for  a  longer  time,  tbe  dextrine  disappeai's  and 
grape  sugar  comes  in  its  stead.  Starch  may  also  be 
converted  into  grape'  sugar  by  the  action  of  a  peculiar 
ferment,  Diastase,  contained  in   an  infusion   of  malt. 

Wbot  effect  hns  hot  wnter  on  it?  What  is  amidino ?  'What  aro 
tho  reactions  of  starch  nitli  iodine?  What  are  the  eomraeioinl 
forma  of  starch?  How  ia  dextrine  produced?  How  may  grnjio 
Bogar  nriee?    What  ore  the  properties  of  diastaso? 
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Golatinoua  starch  may  in  the  course  of  a  few  minutes, 
at  160°,  be  conveited  into  dextrine  by  tliis  substance, 
and  soon  after  into  sugar.  la  either  of  these  cases  the 
presence  of  atmospheric  air  is  not  required,  the  final  ac- 
tion being  that  the  starch  simply  assumes  four  atoms 
of  water,  and  becomes  convei-ted  into  grape  sugar. 

When  baked  at  a  temperature  of  about  400°,  starch 
becomes  soluble  in  water,  and  passes  in  commerce  un- 
der the  name  of  British  Gtim,  or  Xeiocome. 

Starch  is  used  for  stiffening  varions  fabrics,  and  for 
making  thin  calicoes  appear  of  greater  substance  than 
they  really  are.  It  is  iuso  largely  employed  in  confec- 
tionery, cheap  aagar-plnms  being  composed  of  refuse 
starch,  chalk,  gypsum,  etc. 

Oane  Biigar,  Sucrose  (Ci2-^Oa+2ffO),  is  found  in 
the  juices  of  many  plants,  as  the  sugar-cane,  beet-root, 
sweet  maple,  Indian  corn,  and  date-tree.  It  is  chiefly 
estracted  from  the  su^ar-cane,  which,  after  being  crush- 
ed between  rollers,  yields  a  juice  that  is  mixed  with 
iiine  and  boiled.  A  coagulum  having  been  removed 
I'lom  it,  it  is  rapidly  evaporated  at  as  low  a  tempej'atuve 
as  possible,  and  then  crystallized.  In  this  state,  after 
a  brownish  sirup,  molasses,  has  drained  from  it,  it  pass- 
es in  commerce  under  the  Dame  of  JfMscowac^o,  or  brown 
sugar.  This  is  purified  by  boiling  in  water  with  albn- 
nien,  which,  coagulating,  separates  many  of  the  impuri- 
ties. The  solution  is  then  decolorized  by  animal  char- 
coal, evaporated  in  a  vacuum-pan  at  a  temperature  of 
150°,  solidified  in  conical  vessels,  and,  bemg  washed 
with  a  little  clean  sirup,  is  thrown  into  commerce  as 
ioaf  sugar.  Maple  sugar  is  manufactured  to  a  large 
extent  in  the  United  States,  and  beet-root  sugar  in 
Friinoe. 

From  a  strong  solution  sugar  ciystallizes  in  rhombic 
pi-isms,  which  are  colorless ;  they  pass  under  the  name 
of  Sugar  Candy,  It  is  solnble  in  one  third  its  weight 
of  cold  water.  It  has  a  sweet  and  proverbially  charac- 
teristic taste.  When  heated  it  melts,  and  gives  rise  to 
a  yellowish,  transparent  body  called  Sarley  Sugar ;  but 
if  kept  at  a  temperatnre  of  400°,  it  turns  of  a  reddish- 
Why  h  «ir  iTiinecessary?  Hoiv  is  British  gum  formed?  Whac 
are  die  nses  of  stai'ch  ?  What  aro  the  sonrces  of  cano  sngav  ?  How 
is  it  mannfactiirad  ?  Whaf  issugnr  candy?  Whnt  is  barley  sngar? 
R2 
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1  color,  constituting  Caramel.    Sugar  unites  with 
IS  bodies,  such  as  Hme  and  oxide  of  lead,  and  -with 
1  salt  yields  a  crystallized  product.    By  casein 
it  is  transformed  into  lactic  acid. 

A  solution  of  sugar  candy  produces  circular  polariza- 
tion in  a  beam  of  light  transmitted  through  it.  This 
property,  which  is  also  exhibited  by  quaitz,  oil  of  lem- 
on, oil  of  turpentine,  and  some  other  substances,  has 
been  made  use  of  to  determine  the  purity  of  sirups. 
Crystallizable  cane  gugar,  for  example,  produces  a  right- 
hand  rotation;  molasses,  or  uncrystallizable  sirup,  a 
left-hand  rotation.  The  apparatus  necessary  for  these 
operation?  is  seen  in  Fif/.  aoo.    A  glass  tube,  o  o,  full 


of  the  soliitinn,  jind  cl        I        1 
is  placed  in  a  metallic  re  i  1 

polarized  by  reflection  fiom  the  mm( 
Nicol's  prism  capable  ot  lotition  aioinil  the  lino  di/ 
its  angular  movement  i3  measured  b}  a  gradnated  cir- 
cle,p  q,  and  vernier,  m.  The  eye-piece,  n,  being  so  ad- 
justed that  the  polarized  beam  is  no  loiiger  visible,  the 
tube  full  of  eolntion,  o  o,  is  placed  on  the  euppoits  A  Ji. 
A  cert^n  amonnt  of  light  then  passes,  and  the  eye-piece 
must  be  rotated  to  the  right  or  left,  as  the  case  may  be. 
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to  cut  it  off.  The  amount  of  rotation  necessary  ex- 
presses the  rotatory  power  of  the  liquid. 

Grape  Biigar — Glucose — Starch  Sugai — Diabetic 
Sugar  {C^^-i^Oi^ — Is  the  substance  just  described  as 
arising  from  the  transmutation  of  starch  under  the  in- 
fluence of  acids,  a  process  largely  carried  on  in  France 
as  a  commercial  manufacture.  It  occurs  naturally  in 
many  vegetable  juices  and  in  honey. 

Compai-ed  with  cane  sugar,  it  is  much  less  soluble  in 
water  and  less  disposed  to  crystallize.  It  requires  li^ 
parts  of  water  for  solution.  It  may  be  distinguished  by 
its  action  with  caustic  alkalies  and  sulphuric  acid,  the 
former  turning  it  brown  and  the  latter  dissolving  it 
without  blackening,  while  cane  sugar  ia  little  acted  on 
in  the  former  instance  and  blackened  in  the  latter.  The 
two  vaiieties  may  also  be  distinguished  by  being  mixed 
with  a  srfution  of  sulphate  of  copper,  to  which,  if  a  so- 
lution of  caustic  potassa  be  added,  blue  liquids  are  ob- 
t^ned,  and  these  being  heated,  the  grape  sugar  throws 
down  a  green  precipitate,  which  turns  deep  red,  the  so- 
lution being  left  cotorless.  The  cane  sugar  altersvery 
slowly,  a  red  precipitate  gradually  forming  and  the  liquid 
remaining  blue.  Grape  sugar,like  cane  sugar,  gives  with 
common  salt  a  crystallized  compound.  When  heated  to 
212°  it  loses  two  atoms  of  water  and  becomes  Cia-Hia  Oy^. 
At  284°  it  passes  into  caramel,  O^^HgO^^  and  at  a  high- 
er temperature  is  decomposed. 

Grape  sugar  and  milk  sogar  possess  the  interesting 
property  of  causing  the  reduction  of  silver,  as  a  metallic 
film,  from  ammoniacal  solutions  of  the  nitrate  of  that 
metal. 

Milk  Sugar — Laetine  (C'^^H^^Oi^ — maybe  obtained 
by  evaporating  whey  to  a  sirup,  and  the  ci7stalB  which 
then  form  are.  to  be  purified  by  animal  charcoal.  It  is 
sparingly  soluble,  requiring  five  or  six  times  its  weight 
of  water.  The  crystals  are  gritty  between  the  teeth. 
It  is  through  the  alcoholic  fermentation  of  this  body 
that  the  Tartars  produce  intoxicating  milk — koumiss. 

What  are  the  Bourcea  of  grape  supar?  What  ore  ita  properties 
compared  with  cane  sugar?  Deecribe  the  respective  reactions  with 
sulphate  of  copper  ami  caustic  potassa.  What  substances  can  re- 
dace  silver  on  glass?    Hoiv  is  milk  sugar  prepared?    Wliat  are  ils 
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Besides  the  foregoing,  there  are  several  siiljordinate 
varieties  of  sugar,  among  wiiich  may  be  cited 


and  others,  as  honey,  liquorice  sugai',  and  mushroom 
sugar,  or  mannite. 

Gum. —  Gwn  Arabic  is  obtained  from  several  sjjeeies 
of  the  mimosa  or  acacia,  from  tbe  bark  of  which  it  ex- 
udes. It  is  in  white  or  yellowish  tears  of  a  vitreous 
aspect.  It  dissolves  in  coldwater,  forming  mucilage, 
from  which  it  may  be  precipitated  pure  as  Arabine 
(  Cij.H'ji  Oil)  ^y  alcohol.  Arabine  produces  arabinates 
with  aevei-a!  metallio  oxides,  as  those  of  lead  and  iron. 

Sassorine  is  the  principle  of  Gum  Ti-agacanth.  It 
does  not  dissolve  in  water,  but  merely  forms  a  jelly-like 
mass.  Witt  this  substance  should  be  classed  JPectAne 
(Cgi-^gOg^),  the  jelly  obt^nedfrom  currants  and  other 
fruits.  It  furnishes -Pecfjc  ^C^l?  {C^^H^^O^^,  lUO)  by 
the  action  of  bises 

Gelose  is  the  gehtimziiig  principle  of  Algto,  Fuci, 
and  Lichens,  It  is  known  -is  Japin  Ismglasa,  and  dif- 
fers from  animal  gehtm  or  ismgkss  m  not  putrefying 
nor  precipitating  with  tannin  It  contains  no  nitrogen, 
being  ( C24-^i  ^si)  ^be  birds'  nests  used  in  China  for 
soup  are  constuicted  by  a  ipeaea  of  swallow  flora  this 
substance. 

LiGxiNE. — This  substance,  with  ( tUidoif  ind  other 
bodies,  forms  the  woody  iibie  or  ligneous  tissue  of 
plants.  It  occuis  in  a  state  of  punty  in  the  fibres  of 
fane  linen  and  cotton,  and  is,  as  is  well  known,  of  per- 
fect whiteness,  insoluble  in  water  and  aieobol,  and  taste- 
less. Its  specific  gravity  is  about  1.5,  and  its  durability 
turns  on  the  association  of  resins,  tannin,  etc.  Those 
kinds  of  wood  which  would  otherwise  decay  rapidly 
from  the  absence  of  such  preservatives,  may  be  kept  by 
artificially  introducing  into  their  pores  solutions  of  cor- 
rosive sublimate,  arsenic,  chloride  of  zinc,  tar,  etc. 

Strong  and  cold  sulphuric  acid  converts  iignine  into 

What  other  varieties  of  sngar  are  there  ?  Whence  is  gum  iti'abie 
procured  ?  What  are  its  properties  ?  What  is  the  eoiirce  of  hasao- 
rine  and  pectins?  What  is  gelose?  Where  ia  iiRnine  foand? 
JIoiv  may  wood  be  preserved  ?  What  is  the  action  of  aulpliuric  acid 
oiiliRnine? 
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dextrine,  as  may  be  shown  by  adding  to  that  liqnid 
pieces  of  linen,  taking  care  tliat  the  temijeratuve  does 
not  rise  so  as  to  blacken  the  mixture,  which  is  to  be 
well  stirred  and  suffered  to  stand  for  a  time.  On  dis- 
solviDg  it  then  in  water,  and  neatralizing  by  the  addi- 
tion of  chalk,  dextrine  ia  obtained;  or  if,  before  neutral- 
izing, the  solution  be  well  boiled,  grape  sugar  is  pro- 
duced. 

Parchment  paper,  a  valuable  substitnte  for  parch- 
ment, is  made  by  steeping  unsized  paper  in  a  mixture 
of  equal  parts  of  sulphuric  acid  and  water  at  a  temper- 
ature of  60°. 


LECTURE  LXXI. 
Action  of  Agents  on  the  Staech  Geoup. — Action 
of  Sulphurio  Aoid  on  Sugar. — Action,  of  Lime  on 
Hugar. — Production  of  Oxalic  Acid. — Properties  of 
Oxalio  Acid. — Its  Constitution. — Jts  Salts. — Sae- 
chario  Acid. — J/wra'c  Acid. — Pyroxyline,  its  Fi'^pa- 
ration  and  Ftc^erties. 

In  the  preceding  Lecture  we  have  explained  the 
change  of  starch  into  sugar,  and  of  ligninc  into  dex- 
trine, under  the  influence  of  sulphuric  acid.  In  the  veg- 
etable world  there  can  be  no  doubt  that  these  and  oth- 
er similar  modifications  arise  from  the  action  of  many 
causes.  On  inspecting  the  constitution  of  this  group, 
it  will  be  seen  that  in  theory  this  is  to  be  done  by  the 
addition  or  abstraction  of  water. 

When  melted  grape  sugar  is  mixed  with  strong  sul- 
phuric acid,  and  the  diluted  solution  neutralized  with 
carbonate  of  baryta,  the  sulphosaccharate  of  baryta  is 
foundinthe  solution.  SidphosaceharicAcidisaswGQl- 
ish  liquid,  readily  decomposing  into  sugar  and  sulphuric 
acid. 

When,  in  the  proce^  of  converting  cane  sugar  into 
grape  sugar  by  boiling  with  sulphuric  acid,  the  action 
is  long  continued,  a  dark-colored  substance  is  formed, 
consisting  of  two  different  bodies,  TTlmine  and  JJlmic 
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Add,  or,  aa  they  are  termed  by  Liebig,  Sacchulmine 
and  Sacchulmic  Add.  The  latter  is  converted  into  the 
former  by  continued  boOing  in  water. 

When  a  solution  of  grape  sugar  containing  lime  ia 
kept  for  some  time,  the  alkaline  reaction  of  the  lime 
finally  disappears  through  the  formation  of  Ghtdc  Acid, 
the  conetitotion  of -which  ia  {C-^^S^O^+ZIIO).  Un- 
der the  influence  of  heat  it  becomes  Apogludc  Add 
((/,3^0g+2^0).  Glucic  acid  is  soluble,  deliquescent, 
of  a  Eour  taste,  and  yields,  for  the  most  part,  soluble 
salts.  If  gi-ape  sugar  be  boiled  with  potassa  water,  it 
becomes  dark  from  the  formation  of  glucic  acid ;  this 
ia  J^Toore^a  Test  for  grape  sugar,  A  dark  substance  is 
precipitated  by  au  acid  from  this  solution— J/efcsim'c 
Add  {C\^If^O,). 

These  are  some  of  the  less  important  results  of  the 
action  of  acid  and  alkaline  bodies  on  the  starch  gi-oup  j 
there  are  others  of  far  more  interest. 

Oxalic  Acre  (C^  Og,  MO+2Aff).—Ox&lio  acid,  found 
in  many  plants,  as  sorrei  (Oxalia  acetoseUa),  is  formed 
artificially  by  the  action  of  nitric  acid  on  starch  or  sug- 
ar, or  any  other  of  the  starch  group  except  gum  and 
sugar  of  milk.  One  part  of  sugar  is  to  be  mixed  with 
four  of  nitric  acid  and  two  of  water;  carbonic  oxide  and 
oai'bonic  acid  are  evolved.  The  nitric  acid  is  to  be  dis- 
tilled off"  until  the  residue  will  deposit  crystals  on  cool- 
ing. These,  being  collected,  are  to  be  purified  by  redla- 
solving  and  crystallizing.  Oxalic  acid  may  be  also  man- 
ufactnred  very  economically  from  sawdust,  by  mixing  it 
with  hydrate  of  pot^sa  ana  soda  in  solution.  The  mix- 
ture becomes  soluble  in  water,  and  must  then  be  raised 
to  400°  for  S9me  hours.  Subsequently  the  heat  ia  in- 
creased, but  not  to  the  point  of  destructive  distillation. 
The  result  is  a  mixture  of  the  oxalates  of  potassa  and 
soda.  Two  pounds  of  sawdust  yield  one  of  oxalic  acid, 
TJius  prepared,  it  is  consumed  by  the  ton  for  calico 
printing,  dyeing,  and  bleaching. 

The  crystals  of  oxalic  acid  are  oblique  rhombic  prisms, 
more  soluble  in  hot  than  cold  water,  of  an  intensely  acid 

When  do  eaecholmine  and  Baechulmic  acid  Briee?  How  ai*  glu- 
cic and  apoplncic  acids  made?  How  is  oxalic  acid  nrtiflci ally  form- 
ed ?  Deaniibo  tho  prodnqtion  of  oxalic  acid  fi'om  sawdust.  What 
are  tho  properties  of  cij-stalliaed  oxnlic  acid  ? 
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taste,  and  poisonous  to  animus,  death  beiog  produced  in 
a  few  minutes.  Chalk  or  magnesia  is  the  antidote.  The 
crystals  contain  one  eqiiivaieiit  of  saline  water  and  two 
of  water  of  crystalliaatioo.  The  latter  may  be  removed 
by  exposure  to  a  low  heat,  the  crystals  then  becoming  a 
white  powder  and  subliming  without  difficulty.  Any 
attempt  to  remove  the  saline  water  and  isolate  the  ox- 
alic acid  (as  C^O^  leada  to  its  decomposition.  Thws, 
when  the  acid  is  heated  with  oil  of  vitriol  total  decom- 
position results ;  equal  volumes  of  carbonic  oxide  ^and 
carbonic  acid  are  set  free,  for  the  constitution  of  oxalic 
acid  is  such  that  we  may  regard  it  as  composed  of  an 
atom  of  each  of  these  bodies. 

Upon  this  fact  is  founded  one  of  tho  methods  of  pre- 
paring carbonic  oxide.    The  gas-  f,y,.3oi. 
eons  mixture  which  results  from         — 
the  action  of  the  oilofviti-iolin  the 
flask  a,  Fig.  301,  is  passed  through 
a  bottle,  b,  containing  potassa  wa- 
ter, which  absorbs  the  carbonic  acid, 
and  the  carbonic  oxide  may  be  col- 
lected at  the  water-trough. 

The  production  of  oxalic  acid  from  sugar  by  nitric 
acid  is  duo  to  the  replacement  of  hydrogen  by  an  ec[niv- 
alent  quantity  of  oxygen. 

that  is,  one  atom  of  dry  sugar,  with  eighteen  of  oxygen, 
yield  six  of  oxalic  acid  and  nine  of  water. 

Saits  of  Oxalic  Acid. 
Tliere  are  three  potassa  salts:  1st.  Neutral  Oxalate 
of  Potassa,  made  by  nentralizing  oxalic  acid  with  car- 
bonate of  potassa,  ciystaliizes  in  rhombic  prisms,  soluble 
in  three  times  their  weight  of  water.  2^.  Sinoxalate  of 
Potassa,  made  by  dividing  a  solution  of  oxalic  acid  into 
two  parts,  neutralizing  one  with  carbonate  of  potassa 
and  then  adding  the  other.  It  crystallizes  in  rhombic 
prisms,  has  a  sour  taste,  dissolves  in  forty  parts  of  wa^ 
ter,  and  ia  found  naturally  in  many  plants,  as  sorrel  and 

What  change  takes  pUce  when  tho  wnter  of  crystallisation  is  driv- 
en off?  Describe  the  production  of  carbonic  oxide.  Niime  tlie  po- 
tassa sails  of  oxalic  acid.    How  are  they  made  7 
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rhubarb.  3il.  QuadroxalaU  ofPotassa,  made  by  divid- 
ing a  solution  of  oxalic  acid  into  four  parts,  neutralizing 
one  and  adding  the  rest.  It  crystallizes  in  ootahedra, 
and  is  less  soluble  than  either  of  the  foregoing.  These 
salts  are  sometimes  used  for  the  removal  of  ink  stains 
fi'om  linen. 

Oxalate  of  Ammonia,  prepared  by  neutralizing  a  hot 
solution  of  oxalic  acid  with  carbonate  of  ammonia.    It 


crystallizes  in  rhombic  prisms  which  t 
Its  solution  is  naed,  as  has  been  already  stated,  as  a  test 
and  precipitant  of  lime.  When  exposed  to  heat  in  a  re- 
tort, it  is  for  the  most  part  decomposed  into  water,  am- 
monia, carbonic  acid,  cyanogen,  and  other  compounds; 
but  a  flocoiilent  substance  called  Oxamide  also  subiimes, 
the  constitation  of  which  is 

that  is,  containing  the  constituentB  of  one  atom  of  amid- 
()gen  and  two  of  carbonic  oxide.  This  remarkable  sub- 
stance, when  boiled  with  potassa,  yields,  through  the  de- 
composition of  water,  oxalate  of  potassa  and  ammonia. 
Oxamio  Acid,  C^SgO^N,  is  one  of  the  results  of  the 
destructive  distillation  of  binoxalate  of  ammonia  at  450°. 
It  jp  a  yellowish  powder,  which,  boiled  in  water,  is  re- 
converted into  binoxalate  of  ammonia. 

Oxalate  of  Lime  occurs  naturally,  forming  the  skele- 
ton'of  many  lichens,  and  also  as  Maphides,  crystalline 
bodies  found  in  the  cells  of  plants.  Mulberry  caleali 
are  composed  of  it.  It  may  be  obtained  by  precipita- 
ting a  lime-salt,  as  has  just  been  said.  It  is  soluble  in 
nitric  acid,  and,  ignited  in  a  covered  cvncible,  is  con- 
verted into  carbonate  of  lime,  and  finally  into  q^uick- 
lime.  When  dried,  this  salt  stands  at  the  head  of  sub- 
stances which  become  positive  by  friction. 

Sacchakic  Acid  (Ci2S'^0j,  + SSO'j,  Oxalhydnc 
Acid,  is  made  by  the  action  of  dilute  nitric  acid  in  sug- 
a.v.     It  is  a  pentabasic  acid. 

Rhodizonic  Acid  {Ct0-,~\-ZS0)  is  obtained  by  the 
action  of  potassium  on  carbonic  oxide  at  a  red  beat. 
When  boiled  it  changes  into  Groconio  Acid,  a  yellow 
body  having  the  constitution  GgO^+HO. 

lleserilie  the  proportie*  of  oxalate  of  nmmonin.  What  is  oxii- 
inide?  What  is  oxamie  acid?  How  does  oxalate  of  limo  occur? 
How  nro  saccharic  irnd  rhodizonic  acids  mads  ? 
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Mucic  Acm  {C,a-ff3  0,+  2i?0),  obtained  by  tho  ae- 
lioii  of  dilute  nitrio  acid  on  gum  or  sugar  of  millr,  as  in 
the  preparation  of  oxalic  acid  by  other  members  of  the 
starch  group.  It  requires  sixty  times  its  weight  of  wa- 
ter for  solution.  Decomposed  by  beat,  it  yields  pyro- 
mncic  acid. 

Xyloidise  {GglT^O^,,  IfO^),  made  by  the  action  of 
nitric  acid,  specific  gravity  1.6  on  starch,  which  is  con- 
vevted  into  a  gelatinous  body,  and  yields  this  substance 
as  a  white  precipitate  when  acted  on  by  water.  Its  or- 
igin is  apparent  from  a  comparison  of  its  formula  with 
that  of  starch,  Xyloidine  is  insoluble  in  boiling  water, 
but  by  the  continued  action  of  uitHc  acid  ohangea  into 
oxalic  acid ;  100  parts  of  starch  yield  128  of  xyloidina 

Gttn-Cotton — Pyroxyline.  A  remarkable  compound, 
proposed  in  1846  as  a  substitute  for  gunpowder  by 
Schonbein.  It  may  be  prepared  by  the  action  of  niono- 
hydrated  nitnc  acid  on  cotton,  paper,  or  sawdust,  and 
still  more  conveniently  by  a  mixture  of  nitric  acid,  spe- 
cific gravity  1,5,  three  parts,  and  sulpburio  acid  five 
parts,  on  those  sab  stances. 

It  may  also  be  made  by  soaking  cotton  for  a  few 
minutes  in  a  mixture  of  pulverized  nitrate  of  potassa 
'  and  oil  of  vitriol,  washing  the  result  in  hot  water  to  free 
the  cotton  from  the  potassa  salt,  and  finishing  the  wash- 
ing by  a  weak  solution  of  ammonia;  100  parts  of  cotton 
yield  170  of  gun-cotton.  Gun-cotton  appears  white 
like  ordinai7  cotton,  the  fibre  being  little  changed ;  it 
is  harsh  to  the  touch  when  dry,  highly  electi-ic,  and  ex- 
plodes when  heated  to  400°,  or  when  struck  by  a  ham- 
mer. Its  mechanical  force  much  exceeds  that  of  gun- 
powder, but  the  suddenness  of  its  explosion  has  liith- 
erto  rendered  it  difRcuit  to  replace  powder  by  tliis 
substance.  Baron  Leuk,  tinder  the  auspices  of  the  Aus- 
trian government,  has  carried  on  a  series  of  experiments 
for  this  purpose. 

A  special  variety  of  gun-cotton,  possessing  the  ex- 
plosive property  in  a  minor  degree,  but  completely  dis- 
solving in  ether  and  alcohol,  and  forming  a  solution 
called  Collodion,  is  extensively  nsed  as  a  photographic 

How  13  mocic  ncid  made  P  How  is  xyloidine  mnde,  and  what  are 
ils  properties?  How  ia  pjioxilino  mncicp  Give  another  process. 
How  does  it  compare  with  gunpowder?     What  is  collodion? 
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agent.  Photogi-aphic  pyroxyline  requires  many  pre- 
cautions in  its  manufactnre,  and  attention  must  be  par- 
ticularly directed  to  tlie  specific  gi-avity  of  the  acids, 
their  relative  qnantities,  the  temperature  of  the  mixture, 
and  the  time  of  immersion.  Ten  ounces,  by  measure, 
of  sulphuric  acid  (1.84),  and  five  ounces  of  nitric  acid 
(1.37),  "with  two  ounces  of  water,  are  to  be  mixed. 
When  the  temperature  has  fallen  to  130°,  five  drachms 
of  cotton  are  to  be  added  tuft  by  tuft,  and  kept  in  ten 
minutes.  The  cotton  must,  on  removal  from  the  vessel, 
be  -well  pressed  and  washed.  The  qualities  of  the  col- 
lodion as  to  tenacity,  transparency,  etc.,  depend  princi- 
pally on  the  gun-cotton.  For  its  use  in  photography, 
see  Lecture  XXIV. 

Pyroxyline  is  prone  to  spontaneous  decomposition, 
with  the  evolution  of  nitrous  acid.  It  is  to  be  regard- 
ed as  the  nitrite  of  an  organic  base,  having  the  form- 
ula {<y^[S^e{]!^0^)^02a]).  It  is  a  substitution  com- 
pound, in  which  four  atoms  of  hydrogen  of  cellulose, 
Cai^jO^u,  are  replaced  by  four  of  nitrous  acid. 


LECTURE  LXXIL 

MeTAMOKPHOSES  op  the  StABCH  GkOTTP  HY  NrPBOGEN- 

izBD  Fbembhtb. — Action  of  Leaven. — Bread. — Fer- 
menkUion  of  Suffar. — Teast. — Making  ofAleoholio 
Preparations. — Mmimts. — Effect  of  Temperal/iire  on 
Fermentation.  —  Nature  of  Ferments.  —  Making  of 
Wine. — The  Souquet. 

In  the  preceding  Lecture  we  have  traced  the  action 
of  the  more  powerful  inorganic  agents  on  the  amyles, 
and  seen  how  a  variety  of  bodies  of  different  characters 
arise,  some  of  which,  as  oxalic  acid,  are  of  very  consid- 
erable importance. 

But  there  is  another  system  of  changes  which  can  be 
impressed  on  this  group  of  bodies  far  more  curious  in 
its  nature,  and  leadiug  to  far  more  important  results. 

When  flour,  made  into  a  paste  with  ivater,  is  brought 
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in  contact  with  leaven,  that  is  to  say,  a  similar  dough, 
undergoing  an  incipient  putrefactive  fermentation,  at  a 
temperature  of  60°  or  70°  bubbles  of  gas  are  disen- 
gaged, tbe  paste  swells  up,  and,  when  l)aked,  forms 
leavened  bread.  This  ancient  process,  which  is  now  in 
use  all  over  the  world,  depends  on  tbe  action  of  the 
changing  leaven  being  propagated  to  the  sugar  which 
the  flour  cont^ns.  The  sugar  is  resolved  into  alcohol 
and  carbonic  acid,  the  former  of  which  may  be  obtained 
by  distilling  the  dough,  and  tlio  bubbles  of  the  latter, 
entrapped  in  the  yielding  mass,  give  to  the  bread  the 
lightness  for  which  it  is  prized. 

Bat  the  pvoceea  may  be  better  tvacecl  by  observing 
the  phenomena  of  alcoholic  fermentation  in  the  case  of 
pure  sugar.  If  we  take  a  eolation  of  sugar  in  water,  it 
may  be  kept  for  a  length  of  time  without  undergoing 
any  change ;  but  if  nitrogen tzed  matters,  such  as  blood, 
albumen,  leaven,  etc.,  in  a  state  of  putrescent  decay,  be 
raised  with  it  at  a  temperature  of  70°,  the  sugar  rapidly 
disappears,  carbonic  acid  is  given  off,  and  alcohol  is 
found  in  the  solution.    The  change  is  obvious. 

that  is,  one  atom  of  dry  sugar  yields  two  of  alcohol  and 
four  of  carbonic  acid.  The  final  action,  therefore,  of 
the  ferment  is  to  split  the  sugar  atom  into  carbonic  acid 
and  alcohol. 

Of  all  ferments,  Teasl,  for  these  purposes,  is  the  most 
powerful.  It  is  a  substance  which  arises  during  the 
fei-mentation  of  beer.  The  active  part  of  yeast  is  com- 
posed of  minute  cells,  which  germinate  to  produce  a  mi- 
croscopic fangus,  the  Torula  cerevisife.  It  is  probable 
that,  in  the  various  sugars,  the  first  action  is  to  bring 
them  into  the  condition  of  grape  sugar,  and  then  the 
metamorphosis  ensues. 

By  an  analogous  transformation  of  tbe  sugar  contain- 
ed in  frnits,  different  wines  and  intoxicating  liquids  are 
formed.  Thus,  if  we  take  the  expressed  jnioe  of  grapes 
which  has  not  been  exposed  to  the  contact  of  the  air,  ifc 
may  be  kept  for  a  length  of  time  without  change;  but 

What  is  leaven  ?  What  effect  has  it  on  dongh  ?  Whnt  is  the 
cause  of  the  fermentation  ?  Doscrilie  the  alcoholic  formcntnlion  of 
sugar.  Givo  the  formnlas.  What  is  yenst  ?  Describe  the  change 
in  gmpe-juice. 
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if  a  small  quantity  of  oxygen  be  admitted  to  it,  fermenta- 
tion at  once  sets  in,  the  grape  sugar  diminisbes,  and  al- 
cobol  cornea  in  its  stead,  carbonic  acid  being  disengaged, 
and  the  nitrogenized  ferment  being  deposited.  If  a  so- 
lution of  pare  sugar  be  added,  it  is  involved  in  the 
change,  and  portion  after  portion  will  disappeai-;  but, 
finally,  the  ferment  itself  is  exhausted,  and  then  any  ex- 
cess of  sugar  remains  unacted  on. '  By  the  aid  of  a  jar 
npon  tlie  mercurial  trough  these  changes  may  be  made 
manifest. 

It  ia  obvious  that  tbe  prinaaiy  action  is  a  change  in 
the  ferment,  and  the  moment  its  particles  are  set  in 
motion,  the  motion  is  propagated  to  the  adjacent  body, 
the  particles  of  which  submit  in  sueeession,  and  there- 
fore the  fermentation  is  not  a  sudden  action,  but  one 
requiring  time.  Moreover,  it  is  plain  that  the  action  is 
limited ;  a  given  quantity  of  ferment  will  transmute  only 
a  definite  qaantity  of  sugar. 

The  ferments,  or  bodies  which  possesa  this  singular 
quality,  are  nitrogenized  bodies;  and  inasmuch  as  non- 
nitrogenized  bodies  never  spontaneously  ferment  while 
oxidizing,  we  impute  the  qualities  in  question  to  the  ni- 
trogen. 

Temperature  lias  a  remarkable  control  over  ferment 
action.  Tbe  juice  of  carrots  or  beets,  fermenting  at  50°, 
will  yield  alcohol,  carbonic  acid,  and  yeast;  but  tbo 
same  juices  fermenting  at  120°  produce  lactic  acid,  gum, 
and  mannite.  Under  these  circumstances,  therefore,  al- 
cohol ia  the  product  of  fermentation  at  low,  and  lactic 
acid  at  high  temperatures. 

But  when  milk  ferments  at  50°  lactic  acid  is  the  chief 
prodnot,  while  at  80°  tbe  casein  acts  like  a  yeast  fer- 
ment, the  milk  sugar  becoming  transformed  into  grapo 
sugar,  and  then  resolving  itself  into  alcohol  and  car- 
bonic acid.  In  this  instance  the  action  is  the  reverse 
of  the  former,  lactic  acid  being  the  product  of  a  low,  and 
alcohol  of  a  high  temperature. 

A  very  remarkable- decomposition  takes  place  when 
casein  ferment  acts  on  sugar  at  80°  in  presence  of  car- 
bonate of  lime.     Under  these  circumstances,  carbonic 

What  istheCTemiinlresulcf  IVlisil  ie  tlia  jicliou  of  tlie ferment? 
What  element  do  n.11  ferments  contain?  What  eftcet  lias  tenjlicra- 
ture?    What  difierontc  is  therein  its  cfiect  onheet-juicoandi^lk? 
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acid  gas  and  hydrogen  are  evolved,  and  Butyric  Add 
appears.  On  comparing  the  constitution  of  butyric  acid 
with  alcohol,  it  will  be  seen  that  the  latter  contains  the 
elements  of  the  former,  with  an  exceaa  of  hydrogen,  so 
that  during  this  fermentation  the  alcohol  atom  is  divided. 
In  the  acetous  fermentation  of  alcohol  the  alcohol  ab- 
sorbs four  equivalents  of  oxygen,  and  is  resolved  into 
one  of  acetic  acid  and  two  of  watei', 

This  change  only  takes  place  in  the  presence  of  decay- 
ing nitrogenized  matter. 

All  ferments  possess  certain  properties  in  common, 
but  each  has  its  specific  powers,  and  products  which 
aref  evolved  differ  m  different  cases.  Most  commonly 
the  activity  of  these  bodies-is  excited  by  an  incipient 
oxidation,  the  results  of  which  would  be  to  bring  the 
ferment  itself  to  a  simpler  constitution.  In  this  respect, 
therefore,  the  firet  stage  of  fermentation  is  a  combuR- 
tion  at  common  temperatures,  or  an  eremacansis  of  the 
ferment  itself ;  but  this  action  is  speedily  propagated  to 
the  surrounding  mass,  which  becomes  involved  in  the 
change.  Whatever,  therefore,  prevents  the  incipient 
oxidation  of  the  ferment  puts  a  atop  to  the  whole  pro- 
cess. By  raising  their  temperature  to  212°,  and  then 
cutting  off  the  aecesa  of  air,  substances  which  would 
otherwise  undergo  a  very  rapid  change  may  be  kept 
for  any  length  of  time  without  alteration.  On  this  prin- 
ciple, meats,  mUk,  and  other  viands  may  be  preserved, 
as  is  seen  in  the  case  of  canned  fruits,  vegetables,  etc. 

We  have  now  pointed  out  the  peculiarities  of  fer- 
mentation, showing  that  two  successive  stages  may  be 
traced  in  the  process,  the  first  arising  in  the  oxidation 
of  the  ferment,  by  which  its  molecules  are  decompoacd ; 
and  the  second,  which  consists  in  the  propagation  of 
this  movement  to  the  surrounding  particles,  upon  which 
changes  are  impressed,  the  nature  of  which  differs  with 
the  temperatura  and  the  specific  action  of  the  ferment 
f     In  fermentations  the  actual  contact  of  the  fer- 

Und  what  circumstances  does  butyric  acid  arise  ?  Describe  the 
h  ng  d  mg  the  acetous  fermeniatlon.  What  is  the  nature  of  a 
a  What  effect  lias  high  tempevature  on  ferments?    What 

Tg      a      here  in  the  action  of  ferments?    la  contnct  of  tlio  fcr- 
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ment  itself  is  essential ;  if  it  be  separated  by  a  dia- 
pliragm  of  bibulous  paper,  the  action  is  not  propagated. 

Wine  is  made  fi'om  tlie  expressed  juice  of  grap^, 
ivbicb,  containing  a  nitrogenized  body  (albumen),  when 
exposed  to  the  air  undergoes  spontaneous  fermentation ; 
the  course  of  the  action  being,  Ist,  the  oxidation  of  the 
vegetable  albumen ;  2d,  tlie  propagation  of  its  action  to 
the  grape  sugar.  If  the  sugar  bo  in  excess,  the  wine  re- 
mains Bweet ;  if  the  albumen  be  in  excess,  the  wine  is 
dry.  The  wine,  as  soon  as  the  first  action  ia  over,  is  re- 
moved into  casks.  The  preservation  of  a  certain  amount 
of  carbonic  acid  in  solution  gives  rise  to  the  effervescencG 
seen  in  Champagne.  During  these  changes,  the  bitav- 
trate  of  potassa,  which  exists  naturally  in  grape-juice, 
and  which,  though  sparingly  soluble  in  water,  ia  much 
less  so  in  alcohol,  is  deposited.  It  goes  under  the  name 
of  Argol.  Most  other  fvuit-juicee  contain  free  acid, 
Each  as  malic  or  citric,  and  hence  good  wine  can  not  be 
made  from  them,  because,  if  all  the  sugar  be  removed, 
they  possess  a  sharp  taste;  and  if,  as  is  commonly  the 
case,  a  portion  be  left  to  correct  the  acidity,  it  is  liable 
to  run  into  a  second  fermentation. 

The  ioiiguet  of  wine,  a  substance  having  the  charac- 
ters of  an  essential  oil,  is  partly  naUiral  to  the  grape 
and  partly  a  result  of  fermentation.  It  has  been  repre- 
sented as  a  true  ether,  a  combination  of  oxide  of  ethyle 
and  ffinaothic  acid,  C^^H^^Oy 

Inferior  liquors,  such  as  cider,  perry,  etc.,  are  made 
from  other  vegetable  juices,  as  those  of  apples  and  pears. 
Beer,  porter,  and  ale  are  made  from  an  infusion  of  malt, 
which  is  barley,  a  portion  of  the  starch  having  been 
transmuted  into  sugar  b^  partial  germination.  The 
jtrinciples  of  the  fermentation  are  in  all  these  cases  the 


What  is  the  ferment  in  tlio  case  of  wine?  Wlien  is  the  wine 
sweet  nnd  when  dry?  What  Is  nrgol?  What  a  the  bouqnet  ?  What 
arti  beer,  poi'tev,  and  tvle  mnde  from  ? 
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LECTUKE  LXSin. 

The  Deeivativks  of  Feemkntattve  Peocksses. — -4?- 
cohol. — Its  Properties. — Its  Ibdstence  in  Wines. — 
lactic  Acid. — Frodmction  and  Ftoperties. — Sulphur- 
ic Mher. — Fteparaiion  and  F^operties. — ITie  $khyU 
Qroup. —  CMoride,  Iodi<^,  etc. —  (Enanthie  MJm: 

Alcohol  {Ilydrated  Oxide  ofMhyle),  O^H^O.^. 
By  the  distillation  of  wine  or  any  other  fermented 
saoGliavine  juice,  spirits  of  wine  may  be  obt^ned.  As 
first  prepared,  it  contains  &  large  quantity  of  water, 
whicn  comes  over  -with  it.  This  prodnct,being_  recti- 
fied, and  the  first  portion  preserved,  yields  a  spirit  con- 
taining twelve  or  fifteen  per  cent,  of  water.  By  put- 
ting this  into  a  retort  with  half  its  weight  of  quicb-lime, 
keeping  the  mixture  a  few  days,  and  then  distilling  at  a 
low  temperature,  absolute  or  auhydroua  alcohol  is  ob- 
tained. 

Anhydrous  alcohol  is  a  colorless  liquid,  of  a  burning 
taste,  and  pleasant  odor.  Its  specific  gravity  at  60°  is 
0,794.  It  boils  at  17S°,  and  at  a  still  lower  point  if 
slightly  diluted  with  water,  though  the  boiling  point 
rises  if  the  water  be  in  gi-eater  proportion.  It  has  not 
yet  been  frozen,  though  it  thickens  at  —160°,  The  spe- 
cific gravity  also  varies  with  the  amonnt  of  water  pres- 
ent, and  hence  the  purity  of  spirits  of  wine  may  be  de- 
termined by  ascertainmg  its  density.  Alcohol  is  very 
inflammable,  and  its  vapor  forma  an  explosive  mixture 
with  oxygen  gas.  It  bums  with  a  pale  blue  flame,  with 
the  production  of  carbonic  acid  and  water,  and  is  much 
used  in  chemical  investigations  as  furuishing  a  lamp- 
flame  free  from  smoke,  and  as  possessing  an  extensive 
range  of  solvent  powers  acting  upon  sulphur,  resins,  oils, 
and  other  bodies  which  are  not  acted  on  by  water- 
Alcohol  mixes  with  water  in  every  proportion,  heat 
being  extricated  at  the  moment  of  mixture,  and  the  vol- 
ume  of  the  combined  liquids  not  egnalJug  the  sum  of 
What  is  the  chemical  name  for  alcohol  ?  How  is  Epirit  of  niae 
made?  How  is  alKolnte  alcohol  prodnceiS  ?  DeBCtibe  the  proper- 
ties of  aiihvdroiis  alcohol.     What  are  its  uses  ? 
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the  original  quantities.  MeetiJUd  Spirit  has  a  specific 
gravity  0.825,  containing  89  per  cent,  of  absolute  alco- 
hol. Proof  Spirit,  so  named  from  the  old  gunpowder 
test,  has  a  specific  gravity  0.9gO,  containing  49  per  cent, 
of  absolate  alcohol.  In  that  test  the  alcohol  w^  mixed 
with  gunpowder  and  fired.  If  the  gunpowder  took  fire 
the  spirit  was  over  proof;  if  it  did  not,  owing  to  excess 
of  water  in  the  spirit  rendei-ing  it  damp,  it  was  under 
proof.  Alcohol  combines  with  many  saline  bodies,  be- 
ing apparently  substituted  for  the  water  of  crystalliza- 
tion.    Such  compounds  are  called  Alookokites. 

The  strong  wines,  such  as  port  and  sherry,  contain 
from  19  to  25  per  cent,  of  absolate  alcohol,  the  light 
wines  from  12  per  cent,  upward,  beer,  poMer,  etc.,  from 
5  to  10  per  cent.  The  amoimt  of  alcohol  may  be  de- 
termined by  carefully  distilling  a  specimen  of  the  wine, 
rendered  alkaline,  until  one  half  its  bulk  has  pa^edover, 
then  filling  the  distilled  portion  up  with  water  until  the 
original  bulk  is  reached,  and  ascert^ning  the  specific 
gravity.  By  reference  to  a  table  the  strength  may  be 
known.  Or  by  decolorizing  the  wine  and  mixing  it 
with  dry  carbonate  of  potassa,  the  water  may  be  ab- 
stracted, and  the  alcohol  left  floating  on  top  of  the  aqae- 
onB  solution  of  carbonate.  The  specific  gravity  of  the 
supernatant  alcohol  is  0,825;  it  therefore  contains  SO 
per  cent,  of  absolute  alcohol.  Brandy,  rum,  gin,  and 
whisky  contain  nearly  half  their  weight  of  alcohol,  and 
resemble  proof  spirit. 

The  value  of  alcoholic  liquids  turns  mainly  on  the 
flavoring  principle,  which  is  much  modified  by  age. 
Varieties  in  wine  depend  partly  on  the  grape  used  and 
partly  on  the  methods  of  manipulation.  The  flavor  of 
^u  is  derived  from  juniper  ben-ies;  that  of  whisky 
Irom  tlie  malt,  particnlarly  if  it  has  been  dried  ovei' 
peat;  that  of  rmn  from  molasses;  Curajoa  from  orange 
berries,  etc. 

Many  alcohols  are  enumerated — the  Propylic,  CgS",  0, 
JTO;  the  Butylic,  CsJETg  0, MO;  the  Caproic,  C,^S,i 0^; 

What  is  rectified  spirit?  Why  ia  proof  spirit  bo  nametl?  What 
are  alcoholates?  What  percentile  of  alcohol  do  port,  sherry,  etc, 
contain?  How  may  the  amount  of  alcohol  be  determined?  De- 
scribe the  prooGss  with  carbonate  of  potnssn.  What  are  the  ftavor- 
inj;  pi-inciples  of  8in>  whisky,  etc.  ?    Name  some  of  the  alcohols. 
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the  Capi'ylic,  C^H^^O^,  etc.     The  Araylic  and  Methylic 
alcohols  will  be  hereatter  described, 

Lactio  Acid  JFknnentation. 

"SVe  have  alieadj  seeu  that  vegetable  juices,  a?  well 
IS  irnik,  will  undei  ceitam  ciicum'it'ince^  of  temj  eii 
tuie  jidd,  during  fermeutition, hcttc  leid  instead  ol 
ilcoho]  This  iL-id  may  theretoie  be  mide  by  disaoh 
1114  a  quantity  ot  siigai  of  milL,  putting  it  111  a  wirra 
pl^ee,  ind  aliowmg  it  to  turn  som  spontantously  A 
t  lit  of  the  casern  of  the  milLheie  acts  qa  the  leiraent, 
and  aa  lactjc  acid  is  set  fiee,  it  coagulates  the  lest,  and 
mikea  it  lusolable  Ey  the  addit  on  of  eaibonate  ot 
-■oda  to  nentiabze  the  acid,  this  is  pievented,  ^^d  the 
feiment,  letaining  its  aeti\itj,  pioduoes  moie  lactic 
■lud  "When,  by  this  process,  ill  the  sugai  i"*  exhaust 
cd,the  liquid  is  boiled,  filteied,  evapoiited  to  di-jneaa, 
und  the  lactate  of  soda  dissolved  out  by  hot  alcohol. 
From  this  alcoholic  solution  the  acid  may  be  obtained 
by  precipitating  the  soda  by  sulphuric  acid. 

J.aetic  Acid  {C^S^O^+HO)  is  obtained  as  a  sirupy 
solution  by  concentration  in  a  vacuum  over  oil  of  vit- 
riol. It  is  colorleas,  has  a  specific  gravity  of  1.215,  is 
very  sour,  soluble  in  water  and  alcohol,  dissolves  phos- 
phates of  Umo,  and  coagulates  albumen.  It  yields  a 
complete  series  of  salts,  most  of  -which  are  soluble. 
Among  these  salts,  the  most  interesting  are  those  of 
lime  and  ■ana. 

Etheh,  ■ —  SulphvHc  Eth&;  —  Oxide  of  Ethyle,  C^ 
II ^0. — Ether  is  prepared  by  distilling  equal  weights 
of  alcohol  and  oil  of  vitriol,  receiving  the  resulting  va- 
por in  a  Liebig's  condenser,  ad  he.  Fig.  302,  the  con- 
dcusev  being  cooled  by  water  from  the  reservoir  %  flow- 
ing into  the  funnel  c,  the  waste  passing  into  the  vessel 
h,  and  the  etAer, distilling  into  the  bottle  c.  The  pro- 
cess is  to  be  stopped  as  soon  as  the  mixture  begins  to 
blacken.  The  first  product  may  be  rectified  by  redis- 
tillation from  caustic  potaasa. 

Ether  is  a  colorless  and  limpid  liquid,  of  a  pecniiar 
odor  and  hot  Uste.    It  boils  at  96°,  and  has  not  teen 

Hoiv  may  luetic  ncid  aviae  ?  Why  is  carbonate  of  soda  added  ? 
What  are  the  properties  of  lactic  acid?  How  is  etlier  made?  De- 
scribe the  apparatus.     What  are  the  properties  of  etlier  ? 
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fiozen,  If  specif!:,  j,ia\ity  It  60  i  ^  0  It^cHtilwi. 
v.iih  lapidit)  111(1  tlieiefoie  piodiicBa  cold,  i  diop  o( 
watei  co^eied  by  ethei  upon  which  a  cutrent  of  an  ]3 
directed  miy  he  fiozen  It  is  comhustihle  and  biiins 
with  the  e\oIutim  of  much  moie  hght  than  alcohol 
The  epeciflc  giiMty  of  the  vapoi  is  2  5S6  TN  ith  o\j 
gen  or  atmospheric  an  it  forms  an  ei plosive  mixtuie, 
and,  kept  in  contact  with  air,  becomes  acid  from  the 
production  of  acetic  acid.  It  dissolves  in  alcohol  in  all 
proportions,  bat  nine  parts  of  water  are  required  to  dis- 
solve one  of  it ;  it  also  dissolves  many  fatty  snhstancea, 
and  lienco  is  of  considerable  use  in  organic  chemistry. 

But  its  most  important  applications  are,  first,  as  a 
solvent  for  pyroxylme  in  the  making  of  photographic 
collodion ;  and,  second,  as  an  an<Est!wtic  agent.  The 
vapor  of  etliev,  when  respired,  produces  at  first  an  ex- 
hilarating effect,  hut  a  prolonged  use  evSatnally  causes 
a  complete  stupefaction,  and  permits  the  most  pfunful 
operations  to  be  performed  without  the  hnowledge  of 
the  patient.  It  can  scarcely  be  regarded  as  dangerous 
to  life  if  administered  with  care  in  the  recumbent  pos- 
ture  and  with  an  unembairasaed  chest.     The  clothes 

In  what  fluids  is  othci- Bolublo?  WHht  tiro  its  most  important  ap- 
plications? What  preoaiitiona  are  necesssry  in  ils  use  as  an  srnes- 
thetic  ? 
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should  alwaj5  ho  loosened,  eoisets  lemoied,  etc.,  and 
an  examination  of  the  heait  and  lungs  made  in  the  first 
instance.  The  an'Gfatbetio  powei  s  seen  m  ether  are  also 
possessed  by  chlorotoim,  the  toimei  being  an  Ameri- 
can, the  lattei  a  subsequent  Scotch  discovei  j 

Ether  is  regiided  as  the  oxide  ot  i  tomponnd  vadi- 
z^,  Ethyk,  (TiS^,  a  coloiless  gas,  liquetymg  under  a 
pressure  of  2^  atmospheres  tt  o1°,  and  gnmg  rise  to  a 
series  of  othei  bodies 

The  EtIiyU  Group 

Ethyle  C.H,  =^e 

Oxide  ofl.tbvlc  =AeO 

Hvdratod  Oxido  of  Etlijle  =A<iU^UO 

Ciilovide  of  Ethyl  -A.,(l 

Bromide  ~A'B 

Nitrate  .  =A.eO-\-NO^ 

HypomtiiW  =AeO+NO:i 
Etc  Etc 

The  oxide  of  ethyle,  is  has  just  been  Btited,  is  ether ; 
tlie  hydratefl  oxide  alcohol 

Numerous  etheis  tie  pi  educed  bj  the  action  of  a  va- 
riety of  acids  upon  alcohol,  they  aie  called  compound 
JSthe-m. 

Chloride  of'Ethyk  {Sydrochliyric  Mhei-)  may  bo 
made  by  saturating  rectified  spirits  of  wine  with  dry 
hydrochloric  acid  gas,  and  distilling  the  result  at  a  low 
temperature,  conducting  the  vapor  through  a  bottle  of 
warm  water,  and  then  conden^g  in  a  receiver  sur- 
rounded by  a  freezing  mixture.  It  is  a  colorless,  vola- 
tile liquid,  of  a  pecnltar  aromatic  smell ;  specific  gravity 
.874,  It  boils  at  60°,  and  at  —10°  crystallizes  in  cubes; 
is  soluble  in  50  parte  of  water,  and  in  all  proportions  in 
alcohol  and  ether. 

Iodide  of  Ethyle  {Hydriodic  Mhet^  is  interesting  as 
being  the  liquid  from  which  ethyle  was  isolated  by  the 
action  of  sdnc.  It  is  obtained  by  the  distillation  of  alco- 
liol,  iodine,  and  phosphorns. 

Bromide,  SidpMde,  Cyanide,  Sulphocyanide,  and 
Fluoride  of  Etliyle  are  not  of  importance.     "" 
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pJmric  Ether^  or  Mercaptan  (  CiS^S+ffS),  is  procurecl 
by  diatiHiDg  hydrosiilpbate  of  sulphide  of  banum  witli 
sulphoviDate  of  baryta.  It  is  a  colorless  liquid,  smelling 
like  garlic ;  specific  gravity  .832 ;  boils  at  97°,  and  has  a 
powerful  affinity  for  mercury ;  hence  its  name,  mercu- 
rium  captans. 

Pirate  of  Ethyle  {Nitric  Mher)  may  be  made  on  a 
small  scale  by  distilling  equal  weights  of  alcohol  and  ni- 
tric acid  with  a  small  quantity  of  nitrate  of  urea.  The 
latter  substance  is  used  to  prevent  the  nitric  acid  deox- 
idizing and  giving  rise  to  the  production  of  nitrous 
ether.  It  is  insoluble  in  water,  has  a  density  of  1.112, 
boils  at  185°,  and  has  a  sweet  taste.  Its  vapor  explodes 
when  heated. 

HyponiirUe  of  JBthyU  (JVilrotis  Mher)  maybe  made 
by  passing  the  hyponitrous  acid,  disengaged  from  one 

fiart  of  starch  and  ten  of  nitric  acid,  through  alcohol  di- 
uted  with  half  its  weight  of  water  and  kept  cold.  It 
is  a  yellowish,  aromatic  liquid,  having  the  odor  of  ap- 
ples; boila  at  70°;  specific  gravity  .941.  Tlio  sweet 
spirits  of  nitre  is  a  solution  of  this  ether  with  aldehyde 
and  other  substances  in  alcohol. 

Carbonate  of  Mhyle — Ga/rbonia  Mher  {AeO,  Co^, 
made  by  the  action  of  potassium  on  oxalic  ether,  and 
distillation  of  the  product  with  water.  It  floats  on  the 
surface  of  the  distilled  liquid,  is  an  aromatic  fluid,  and 
boils  at  259°. 

Oxalate  ofEthyk  {Oxalic  Mher),  prepared  by  dis- 
tilling four  parts  of  binoxalate  of  potassa,  five  of  sul- 
phuric acid,  and  four  of  alcohol  into  a  warm  receiver. 
The  product  is  washed  with  water  to  separate  any  al- 
cohol or  acid,  and  redistilled.  It  is  an  oily  liquid,  of  an 
aromatic  odor,  boiling  at  353°,  and  slightly  heavier  than 
water.  With  an  excess  of  ammonia  it  yields  Oxamide 
and  alcohol ;  with  a  smaller  proportion  of  ammonia  it 
yields  Oxamethane,  C^S-,IfO^. 

Many  other  ethers  are  formed  by  the  union  of  oxido 
of  ethyle  with  anhydrous  acids,  as  perchloric,  silicic,  bo- 
racic,  arsenic,  cyanic,  hydrocyanic,  formic,  acetic,  benzo- 
ic, succinic,  and  citric. 

What  ia  meroaptan?  How  is  the  nitrate  of  etlijla  modef  How 
is  nitrous  ether  procurecl?  How  are  the  carbouaK  aiiil  osalalo 
made  ?    What  other  ethei's  are  there  ? 
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(Ehanthic  Ether  (AeO,  CnJIi^O^)  is  prepared  from 
an  oily  liquid  which  passes  over  during  the  distillation 
of  certain  wines.  It  may  be  obtained  by  agitating  the 
oil  derived  from  brandy  with  carbonate  of  soda,  which 
neutralizes  the  (Enanthic  acid,  and  then  distilling  from 
chloride  of  calcium.  It  has  a  powerful  ■vinous  odor,  is 
a  colorless  liquid,  specific  gravity  .862 ;  boils  at  440° ; 
soluble  in  alcohol  and  ether,  but  not  in  water.  It  gives 
a  peculiar  aroma  to  the  wines  in  which  it  is  found. 
(Enanthio  acid  is  prepared  from  it  by  the  successive  ac- 
tion of  potassa  and  sulphuric  acid.  It  is  an  oily  body, 
becoming  a  soft  solid  at  55°. 

The  conipoond  ethers  are  found  i-eady  formed  in 
many  plants,  and  often  give  origin  to  their  special  odors 
and  flavors;  hence  many  of  these  can  be  imitated. 
Pme-<m>le  OH,  for  example,  is  butyric  ether  (C,IT^O, 
C^M,  O3),  and  may  be  made  from  butter  or  glycerine. 
Pear  Oilia  an  alcoholic  solution  of  the  acetate  of  amyle, 
and  Ajyple  CHI  is  the  valoriate  of  the  same  radical. 


LECTtlRE  LXXIV. 
Derivative  Bodies  of  Alcohol. — ■  Sulphovinic  and 
Phosphomnic  Acids. — Products  of  Su^hovinio  Add 
at  different  SoUing  Points. — The  eontimious  Et/ier 
Process. —  2Xe  continu&us  Olefiant  Gaa  Process. — 
Dutch  lAquid. — Successive  Si^titutions  of  Chlorine 
in  it. — Heavy  and  Jdghi  Oil  of  Wine. — Sidphate  of 
Carbyh  and  its  derivative  Acids. 

SnuHoviNic  Acid — PisvlpJiate  ofMher  {C'iH^O, 
2SO3+2JIO).  A  mixture  of  snlphui-io  acid  with  an 
equal  weight  of  alcohol  is  to  be  heated  to  the  boiling 
point,  and  then  allowed  to  cool.  It  is  diluted  with  wa- 
ter, and  neutralized  with  carbonate  of  bai'yta,  the  sul- 
phate of  baryta  subsiding.  After  filtering  and  evapo- 
rating, the  solution  is  allowed  to  cool,  and  the  suljjho- 
vinate  of  baryta  crystallizes.  From  this  the  sulphovinic 
acid  may  be  obtained  by  precipitating  the  baryta  with 

How  is  CEnanthic  etlier  prepared,  and  what  are  its  properties? 
Give  the  composition  of  pine-apple  oil,  etc  IIow  is  sulpliovinic 
Bffid  made? 
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dilute  sulphuric  acid,  and  evaporating  the  resulting  so- 
lution in  vacuo.  It  is  a  sinipy  liquid,  of  a  soar  taste, 
giving  rise  to  a  series  of  soluble  salts,  which  decompose 
at  the  boiling  point,  as  will  be  presently  seen. 

Phosphovinic  Acid  (CiH^O,PO^-\-2H0)  is  made 
on  the  same  principles  as  the  foregoing,  phosphoric  acid 
being  substituted  for  sulphui'ic,  and  the  resulting  bary- 
ta salt  being  decomposed  in  the  same  waj'.  It  is  a  sir- 
upy  liquid,  of  a  sour  taste,  and  dissolves  m  water,  alco- 
hol, and  ether  readily.    It  la  decomposed  by  heat. 

■  K  aulphovinic  acid  be  diluted  so  as  to  bring  its  boil- 
ing point  below  260°,  it  is  resolved  at  that  temperature 
chiefly  into  sulpharie  acid  and  alcohol.  If  the  boiling 
point  be  from  260°  to  310°,  the  distillation  results  chiefly 
in  the  production  of  hydrated  sulphuric  acid  and  ether. 
If,  by  the  addition  of  sulphuric  acid,  the  boiling  point 
be  carried  above  320°,  the  action  is  move  complex,  but 
the  chief  product  which  passes  over  is  olefiant  gas. 

The  ordinary  method  of  preparing  ether  is  therefore 
very  disadvantageous,  because  it  is  only  ivithin  a  par- 
ticular range  of  temperature  that  that  body  is  evolved. 
At  first  the  low  temperature  yields  alcohol ;  and,  as  the 
heat  rises,  the  mixture  begins  to  blacken,  and  olefiant 
gas  to  be  evolved. 

To  obviate  these  difficulties,  a  very  beautiful  process, 
the  continuous  ether  process,  has  been  introduced.  It 
consist*  in  taking  a  mixture  of  eight  parts  by  weight  of 
sulphuric  acid  aud  five  of  alcohol  specific  gravity  .834, 
the  boiling  point  of  which  is  about  300°.  This  is  bronght 
to  that  temperature  in  a  flask  by  a  spirit-lamp,  as  seen 
in  Fig.  303 ;  and  alcohol  of  the  same  density  is  allowed 
slowly  to  flow  into  the  flask  from  a  bottle  provided 
with  a  stopcock,  the  temperature  being  steadily  kept  at 
300°,  and  the  mixture  kept  in  a  state  of  violent  ebulli- 
tion. Water  and  ether  distill  over  together,  and  may 
be  passed  through  a  Liebig's  condenser ;  they  collect 
in  the  receiver  in  separate  strata;  or,  if  this  does  not 
take  place  at  first,  the  addition  of  a  little  water  in  the 
receiver  insures  it. 

How  ia  phosphovinic  acid  made  ?  What  eifect3  result  flora  Tai-i- 
ationa  m  the  boiling  point  of  aulphovinic  acid?  Why  is  the  ordina- 
ry method  of  making  cthei'  disadrantageons  ?  Describe  the  contin- 
uous elher  process. 
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In  tliia  mannei'  a  very  large  quantity  of  alcohol  may 
be  converted  into  ether  and  TOater  by  the  action  of  a 
limited  amount  of  sulphuric  acid ;  and  in  a  similar  man- 
ner, Tjy  adjusting  the  boiling  point  so  as  to  be  between 
320°  and  330°,  defiant  gas  may  bo  continuously  ob- 
tained. All  therefoie  that  is  required  is  to  convey  the 
alcoholic  vapor  through  a  mixture  of  oil  of  vitiiol  with 
half  its  weight  of  water  which  has  the  required  boiliug 
poiut.  In  this  process  the  acid  does  not  blacken,  and 
it  is  therefore  much  more  advantageous  than  that  de- 
scribed for  the  preparation  of  defiant  gas  heretofore.    . 

CMoTide  of  vUfiariZ  Gas — Dutch  Liquid  { C^S^  C^) 
— is  prepared  by  mixing  equal  volumes  of  chlorine  and 
defiant  gas  in  a  large  glass  globe.  It  is  a  colorless  and 
fr^rant  liquid,  soluble  in  alcohol  and  ether,  but  less  so 
in  water.  It  boils  at  180°,  and  when  acted  on  by  a  so- 
lution of  caustic  potassa  in  alcoho!  it  yields  chloride  of 
potassium,  and  a  substance,  GJS^Cl,  which,  on  being 
cooled  by  a  freezing  mixture,  condenses  iato  a  liquid, 
This  liquid,  brought  in  contact  with  chlorine,  absorbs 
that  substance,  and  yields  a  compound,  C^^C^,  which 

what  ai'e  tho  advaniHEea  of  tiie  coatinuons  piijcess?  At  what 
temperature  does  olefiani  gna  ni-ise?  Hoiv  is  Dutch  liquid  pre- 
pared ?    What  are  its  properties  1 
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may  be  decomposed  by  an  alcoholic  soluliou  of  potaasa 
into  chloride  of  potassium  water  and  a  new  volatile 
hoiy,  Gjr^Ol^. 

There  ai-e  an  iodide  and  bromide  of  olefiant  gas  which 
possess  a  constitution  analogous  to  the  chloride. 

When  chlorine  gas  is  made  to  act  on  Dutch  liquid, 
four  different  substances  may  bo  successively  formed 
by  the  gradual  abstraction  of  hydrogen,  and  its  equiva- 
lent substitution  by  chlorine.  These  substances  are  as 
I'oHows : 

Dutch  liquid OJI^Cl, 

(1.) C^ff,Cl, 

(20 C,B,Cl, 

(3.) ,■ C,H  dl 

(1.) C,      Cle 

The  first  and  second  of  these  products  are  volatile 
liquids,  the  fourth  is  the  perchloride  of  carbon,  in  which 
it  appears  that  all  the  four  atoms  of  hydrogen  in  the 
Dutch  licmid  have  been  removed,  and  tbeir  places  occu- 
pied by  four  atoms  of  chlorine.  This  perchloride  of 
carbon  ia  a  white  crystalline  body,  soluble  in  alcohol 
and  ether;  its  melting  point  is  330°.  Bypassing  its  va- 
por through  a  red-hot  porcelain  tube  it  ia  decomposed, 
yielding  V^Cl^  and  free  chlorine,  and  this  again  gives 
rise  to  suboMoride  of  carbon,  CtCl2,'by  being  passed 
through  a  white-hot  porcelain  tube.  The  former  of  these 
bodies  is  a  colorless  liquid,  the  latter  a  silky  solid. 

Seamy  OU  ofWine  {C^H^O,  SO^  ma)[  be  procured 
by  the  destructive  distillation  of  sulpbovinate  of  lime, 
or  by  distilling  2i^  parts  of  oil  of  vitriol  and  one  of  spirit 
of  wine.  It  has  a  yellow  color,  a  penetrating  aromatic 
odor,  and  a  specific  gravity  of  1.133.  It  can  not  Tie  dis- 
tilled without  decomposition;  at  270°  it  is  converted 
into  alcohol,  sulphurous  acid,  and  olefiant  gas.  When 
boiled  in  water' it  yields  sulphovinic  acid,  alcohol,  and 
Light  hil  of  Wine, -vihieh,  alter  standing  a  few  days, 
deposits  white  inodorous  crystals  of  JElherine,  C^ST^. 
The  residue,  which  still  remains  liquid, is  Mherole,  C^ffi^. 
It  is  a  yellow  liquid,  lighter  than  water,  and  soluble  in 
alcohol  and  ether, 

Deecribe  the  action  of  chlorine  on  Dutch  liqnid.  DcEoiibe  ihe 
yjroduots  tlint  arise.  How  ia  heavy  oil  of  wino  procured?  What 
cbangefl  occnr  on  heating  it? 
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3  of  Carhyle  W^If^,  iSO^)  arises  when  the 
vapor  of  anhydrous  salphuric  acid  ia  ahsorhed  by  pure 
alcohol.  It  is  a  ■white  crystalline  body.  "When  dis- 
solved in  alcohol  and  water  added,  the  solution  neutral- 
ized by  carbonate  of  baryta,  filtered,  concentrated,  and 
then  mixed  with  alcohol,  the  Mhionate  of  Baryta  pre- 
cipitates. This,  when  decomposed  by  dilute  sulphuric 
acid,  yields  Mydrated  Ethionie  Add  (CfS^O,  480^+ 
2H0).  Ethionie  acid  yields  a  series  of  salts,  many  of 
which  can  be  obtained  in  crystale.  On  being  boiled,  a 
solution  of  ethionie  acid  yields  eulphurous  acid  and  lae- 
thionicAGid,  the  peculiarity  of  which  is  that  it  is  isomeric 
with  sulphovinio  acid,  both  containing  C^H^  0,  280^+ 
HO.  Methionic  -dc*^  arises  from  the  action  of  hot  sul- 
phuric acid  on  ether.  AUMonie  Add  is  made  by  act- 
ing on  alcohol  witR  great  excess  of  sulphuric  acid.  The 
last  two  acids  are  by  some  regarded  as  compounds  of 
sulphovinio  with  isethionio  acid. 


LECTURE  LXXV. 

Oxidation  of  Alcohol. — The  Acetyle  Series. — Alde- 
hyde.— Its  Prma>ration  and  Properties. — Aldehydic 
Add. — The  Jflameless  Lamp. — Acetol  produced  by 
Platinum  Black. — Acetic  Add,  Production  of. — iVa- 
ttire  of  the  Change  from  Alcohol  to  Acetic  Acid. — 
SaUs  of  Acetic  Add. 

It  has  already  been  stated  that  when  alcohol  is  burned 
in  contact  with  oxygen  gis  oi  atmospheric  air,  the  sole 
products  of  the  combustion  aie  carbonic  acid  and  wa- 
tei ,  but  when  the  oxidation  m  partial,  the  hydrogen  is 
removed  by  piefeience,  and  a  new  ecues  of  bodies  is 
the  result,  designated  a? 

The  Acetyle  benes 
Acetyle   C^H^  =40 

Oxide  of  Acecvle  =AcO 

Hydrited  Oxide  of  Acetyle  (Aldehjde)        ^AcO  +H0 
Acetj  loua  Aeid  (AldehydLC  Acid)  =  icOt+HO 

Acetic  Acid —AcO,+HO 

Describe  the  sulphate  ot  carhyle.  How  is  ethionie  aeid  prodQced  7 
How  are  isetliionic,  methionic,  and  althionie  acids  madof  What  is 
the  difference  between  ttie  partial  and  total  oxidation  of  alcohol? 
Give  the  acetyle  series. 

se 
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Acetyle  differs  fi'om  etbyle  by  containing  only  three 
atoms  of  hydrogen  instead  of  five. 

Sydrated  Oxide  of  Acetyle  {Aldehyde)  may  be  ob- 
tained by  distilling  a  raistuve  of  4  parts  of  alcohol,  -6  of 
oil  of  vitriol,  4  of  water,  and  6  of  binoside  of  manganese, 
into  a  receiver  cooled  by  ice.  The  product  is  redieliiled 
from  chloride  of  calciam.  It  then  consists  of  aldehyde, 
acetal,  ether,  and  alcohol.  It  is  next  mixed  with  twice 
its  volume  of  ether  and  saturated  with  dry  ammonia. 
Two  parts  of  the  crystalline  compound  of  aldehyde  and 
ammonia,  dissolved  in  two  of  water,  with  a  mixture  of 
three  of  oii  of  vitriol  and  four  of  water,  are  distilled,  and 
the  distillate  redistilled  from  chloride  of  calcium  at  a 
temperature  ^f  87°.  It  is  a  colorless  liquid^  of  a  suffo- 
cating odor ;  specific  gravity  .790,  boiling  point  68°.  It 
is  soluble  in  water,  alcohol,  and  ettifer.  It  slowly  os- 
idizea  in  the  air,  and  more  rapidly  under  the  influence 
of  the  black  powder  of  platinum,  pvodocing  acetic  acid. 
Heated  with  caustic  potassa  it  yields  aldehyde  resin,  a 
brown  body  of  a  resinous  aspect.  Aldehyde  is  so  called 
because  it  contains  the  elements  of  alcohol  minus  two 
atoms  of  hydrogen  {Alcohol  Dehydrogenatus). 

When  pure  aldehyde  is  kept  for  a  length  of  time  at 
32°  in  a  close  vessel  it  yields  Elaldehyde,  a  substance 
isomeric  with  itself,  but  possessing  different  properties, 
the  specific  gravity  of  its  vapor,  for  example,  being  three 
times  that  of  the  vapor  of  aldehyde.  Prom  it  there  is 
also  produced,  at  common  temperatures,  a  second  iso- 
meric body,  Metaldehyde. 

J,   jijj  Aldehydie  Add  may  be  obtained 

bj  digesting  oxide  of  silver  with  al- 
dehyde, and  precipitating  the  metal 
with  sulphureted  hydrogen.  It  con- 
tains one  atom  of  oxygen  less  than 
acetic  acid,  and  is  one  of  the  prod- 
ucts of  the  slow  combustion  of  ether 
1  D'n  y's  flameless  lamp,  which  may 
be  made  by  puttinga  small  quantity 
rf  ether  m  a  jar,  My.  304,  and  sus- 
t  pending  in  the  vapor,  as  it  mixes  with 
atmospheiio  air,  a  coil  of  platinum 

How  19  aldahjcle  made?  What  are  its  properties  ?  What  is  the 
origin  of  Its  name  ?  What  is  elaldchvde  ?  How  is  iddehydic  acid 
made?    Wliat  is  Dniy's  flameles?!  lanip? 
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wire  which  has  been  recently  ignited.    The  wire  reniiiins 

iBcan descent  as  long  as  any 

ether  is  present.   The  same 

result  may  be  obtained  by 

putting  a  spiral  of  platinum 

wire,  Mg.  305,  or  a  ball  of 

spongy  platincra  over  the 

wick  of  a  spirit-lamp     Thi   ^ 

lamp  being  lighted  foi    i 

short  time  and  then  blown 

out,  the  platinum  eontmuL'5     "~     = 

incandescent,  evolving  i  pcculuilj  auid  vapoi. 

A.cetal  (Cg^Og),  eont-uning  the  elements  of  etber 
and  aldehyde,  is  produced  by  the  oxidation  of  the  vapor 
of  alcohol  by  black  powder  of  plitmum,  the  alcohol  be- 
ing placed  in  a  jar  with  moistened  platinum  black  in  a 
capsule  above  it.  In  the  course  of  several  days  the  al- 
cohol will  be  found  to  have  become  sour;  it  is  then  to 
be  neutralized  with  chalk  and  distilled.  Chloride  of 
calcium  separates  an  oily  liquid  from  the  distilled  prod- 
uct. This,  on  being  distilled  at  a  temperature  of  200°, 
yields  acetal.  It  is  a  colorless,  aromatic,  mobile  liquid, 
spedfic  gravity  .825,  and  boiling  at  203°.  It  produces, 
under  the  influence  of  an  alcoholic  solution  of  caustic 
potassa,  by  absorbing  oxygen  from  the  air,  resin  of  al- 
dehyde. 

Acetic  Acid — Fyroligneous  Acid — Yineqai  i^CJI^ 
Oz-\-RO).  When  dilute  alcohol  is  dio[ipe  I  on  plati 
nnm  black,  oxidation  tabes  place,  and  i-    roo 

the  vapors  of  acetio  acid  are  formed 
On  the  large  scale  it  is  also  made  by  al 
lowing  a  mixture  of  alcohol,  water,  and 
a  small  quantity  of  j-oast,  J,  JJ^-.  306  to    j 
flow  over  wood  shavings  which  hi\e  I 
been  steeped  in  vinegar,  contdned  in  a  j 
barrel,  through  whidi  atmospheric  an 
is  allowed  to  circulate  by  the  apertmes 
ccc.    The  temperatnre  rises  and  the 
acetification  goes  on  with  rapidity,  the  piodmt  bting 
collected  in  the  receiver  a.     Vinegai  nlso  is  foimi-d  bi 

Describe  Fig.  305.  Describe  the  preparation  and  properli'-s  of 
ncetal.     How  '  '       "    --'—     -^  -■-'--  '-■-   ""-      " i  „ 
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the  spontaneous  souring  of  wines  or  beer  containing 
ferment,  and  kept  in  a  cask  to  which  atmosplieric  air 
lias  access.  During  the  destructive  distillation  of  dry 
wood,  acetic  acid,  hence  called  pyroligneous  acid,  in  au 
impure  state  is  found  among  the  products. 

Anhydrous  acetic  acid  is  obtained  by  distUling  eight 
parts  of  diy  acetate  of  potassa  with  three  ofoxychloride 
of  phosphorus.  It  is  a  colorless  liquid,  specific  gravi- 
ty 1.07,  boiling  point  280°,  and  dissolves  in  water,  falling 
at  first  to  the  bottom  like  a  heavy  oil. 

Very  strong  aoetio  acid  may  be  made  by  distilling 
powdered  anhydrous  acetate  of  soda  with  three  times 
its  weight  of  oil  of  vitriol.  The  product  is  then  redis- 
tilled and  exposed  to  a  low  temperature,  when  crystals 
of  hydrated  acetic  acid  form ;  the  fl,uid  portion  is  poured 
off  and  the  crystals  suffered  to  melt.  It  is  a  colorless 
liquid,  crystallizing  below  60°  in  plates  or  tufts ;  has  a 
■  very  pungent  odor,  and,  placed  on  the  skin,  blisters  it ; 
it  boils  at  243°,  the  vapor  being  inflammable.  The  spe- 
cific gravity  of  the  liqaefied  ciystallized  acid  is  1.0636, 
and  the  density  increases  on  dilution  until  the  acid  con- 
tains one  equivalent  of  anhydrous  acid  to  three  of  water, 
when  it  is  1.078 ;  on  farther  dilution  the  density  dimin- 
ishes. It  also  dissolves  in  alcohol  and  ether.  In  an  im- 
pure state  as  vinegar,  its  taste,  odor,  and  applications  are 
well  known.  Acetic  acid  is  largely  need  in  photograph- 
ic operations  to  retard  the  action  of  reducing  agents 
upon  nitrate  of  silver,  constituting  an  impcfrtaot  ingre- 
dient of  developers,  as  they  are  called. 
If  acetic  acid  be  compared  with  alcohol. 


it  is  seen  to  differ  in  the  circumstance  that  two  hydro- 
gen atoms  have  been  removed  from  the  alcohol  and 
their  places  taken  by  two  oxygen  atoms ;  hence  the  va- 
rious processes  for  its  production  are  easily  explained. 
Acetic  acid  gives  rise  to  several  important  salts. 
Acetate  of  Potassa  {KO,  C/H^  0^  is  obtained  by  neu- 

How  is  anhydrous  acetic  acid  made?  How  may  strong  acetic 
acid  be  made?  Wliat  are  its  properties?  Of  what  use  is  acetic 
acid?  What  is  tho  difference  between  acetic  acid  and  alcohol? 
Name  some  of  the  salts  of  acetic  acid,  and  give  their  methods  of 
preparation. 
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tralizing  acetic  acid  with  cartoiiate  of  potassn,  evapo- 
rating to  dryness,  and  fusing.  This  salt  is  very  deli- 
quescent, has  an  alkaline  reaction,  is  soluble  in  its  weight 
of  water  and  twice  its  weight  of  alcohol. 

Acetate  of  Soda  is  made  on  the  large  scale  by  satu- 
rating the  impurfi  pyroligneous  acid  formed  in  tlie  de- 
structive distillation  of  wood  with  lime,  and  then  de- 
composing the  acetate  of  lime  with  sulphate  of  soda. 
The  sulphate  of  lime  precipitates,  the  solution  being 
crystallized,  and  the  crystals  subsequently  purified  by 
draining,  fusion,  solution,  and  reerystaihzation.  The 
crystals  effloresce  in  the  air,  and  are  soluble  in  water 
and  alcohol. 

Acetate  of  Ammonia  {t^irit  of  Mindcre^'us). — The 
solution  is  made  by  saturating  acetic  acid  with  carbon- 
ate of  ammonia,  and  the  solid  by  distilling  acetate  of 
lime  and  cliloride  of  ammonium.  The  acetate  of  ammo- 
nia passes  over,  and  chloride  of  calcium  is  left. 

Acetate  of  Alumina  is  made  by  the  decomposition  of 
a  solution  of  alam  by  acetate  of  lead.  It  is  much  used 
by  dyers  as  a  mordant. 

Acetates  of  Lead. — 1st,  I^eutral  Acetate  {Sugar  of 
Xead)  may  be  made  by  dissolving  litharge  in  acetic 
acid.  It  occurs  iu  colorless  prismatic  crystals,  and 
also  in  crystalline  masses.  It  has  a  sweetish,  astringent 
taste,  from  ■which  its  commercial  name  is  derived.  It  is 
soluble  in  less  than  two  parts  of  water  and  in  eight  of 
alcohol.  The  crystals  effloresce.  Sd.  Subacetate  of 
Lead  (Sesquibasie  Acetate)  is  formed  by  partially  de- 
composing the  neutral  acetate  by  heat.  Its  solution  is 
known  as  G&ulard's  Water.  Two  other  subacetates 
may  be  made  by  the  action  of  ammonia  on  the  neutral 
salt.  Their  solutions  have  an  alkaline  reaction,  absorb 
carbonic  acid  from  the  air,  giving  rise  to  a  precipitate 
of  the  basic  carbonate,  and  constituting  a  delicate  test 
for  that  gaa, 

Acetates  of  Copper. — 1st.  Neutral  Acetate  {Crystal- 
lized Verdigris),  made  by  dissolving  verdigiis  in  hot 
acetic  acid.  On  cooling,  it  yields  green  crystals,  soluble 
in  five  parts  of  boiling  water,  and  also  in  alcohol.  It  is 
used  as  a  paint.  2d,  Bihasic  Acetate  of  Copper  ( Ver- 
i  Uiere?    Give  their  properties. 
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digris)  may  be  made  by  the  action  of  vinegar  and  air 
conjointly  on  nietallie  copper.  Plates  of  copper  are  al- 
ternated ■with  pieces  of  cloth  steeped  in  acetic  acid.  As 
they  become  covered  with  verdigris,  it  is  removed  aa  a 
blue-gveen  powder,  and  the  operation  continued  until 
the  copper  is  exhausted.  Verdigris  is  .a  mixture  of  sev- 
eral acetates,  one  of  which  may  be  obt^ned  by  digest- 
ing it  in  warm  water;  a  second  arises  on  boiling  this; 
the  insoluble  residue  contains  a  third. 


LECTURE  LXXVI. 

Dekivatives  op  Acettle, — The  Kakodyle  Gkoup, — 

G/iioraoetie  Acid. — Acetone. —  Chloi-al — HydrooMo- 

Tze  Sth^. — Action  of  Chlorine  on  ths  Mhers. — 

— JCanihio  Acid. — The  Kakodyle -G^-vup. —  Oxide. 

—  Chloride. — Kakodylie  Aeid. 

Chlobacetic  Acid   (^HO,C^S^O^Cl^  is  produced 

when  chlorine  is  passed  through  a  mixture  of  two  parts 

of  glacial  acetic  acid  and  one  of  water,  the  sunlight  be- 

ing  excluded.    It  is  said  to  produce  definite  salts, 

When  glacial  acetic  acid  is  exposed  to  sunshine  In  a 
jar  of  chlorine,  white  flocculi  are  formed ;  they  are  tri- 
chhraeeiic  acid  {MO,  C^Cl^O^.  The  hydrogen  of  the 
acetic  acid  is  replaced  by  chlorine.  Chlorocarbonic, 
carbonic,  and  oxalic  acids  are  at  the  same  lime  fonned. 
The  salts  of  this  acid  are  soluble  in  water. 

Sidphacetio  Acid  arises  when  acetic  acid  is  acted  on 
by  anhydrous  sulphuric  acid.  Its  composition  is  (C^ 
M^  Oj,  2S0g,  2SO).  It  forms  deliquescent  crystals  and 
bibasie  salts. 

Acetone — Pyroacetic  Spirit  [G^H^O^ — is  obtained 
when  acetate  of  lime  is  distilled  with  excess  of  quick- 
lime, or  when  two  parts  of  acetate  of  lead  and  one  of 
lime  are  heated  in  an  iron  retoii:.  The  distillate  is  re- 
distilled from  a  water-bath.  It  is  a  limpid,  colorless, 
.and  volatile  liquid,   specific  gravity  .792,  boiling   at 

What  is  the  composition  of  verdigris?  How  is  chlornoetic  acid 
produced?  Wliat  rcEnlM  ott  espoaing  acetic  acid  to  clilorine?  How 
is  snlpliacetic  acid  formed  ?    What  are  the  properties  of  pyroacetic 
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132°;  bams  with  a  bright  flame,  and  is  soluble  in  wa- 
ter, etlier,  and  alcohol.  By  the  action  of  chlorine, 
three  substitution  products  are  obtained,  in  which  two, 
three,  and  four  atoms  of  hydrogen  are  replaced  by  chlo- 
i-ine.  Nordhausenioil  of  vitriol,  distilled  with  acetone, 
yields  an  oily  body,  the  constitution  of  which  is  Q^S^ ; 
it  is  lighter  than  water,  and  has  an  odor  of  garlic. 

Sir  R.  Kane  considers  acetone  to  be  the  hydrated  ox- 
ide of  a  radical,  JSesiit/le,  CgS'^,  and  has  produced  the 
oxide  and  chloride  of  mesityle.  Zeiss  also  discovered 
a  compound  consisting  of  the  oxide  of  mesityle  and  bi- 
chloride of  platinum. 

Chloral  (  GJIGI^  0^. — When  dry  chlorine  is  passed 
into  anhydrous  alcobol,  and  the  action  finished  by  the 
aid  of  heat,  hydrochloric  acid  is  produced ;  and  on  its 
ceasing  to  appear,  if  the  product  be  agitated  with  three 
times  its  volume  of  oil  of  vitriol,  and  the  mixture 
warmed,  an  oily  liquid  floats  on  the  acid ;  this  is  chlo- 
ral. It  may  be  purified  by  successive  distillation  from 
oil  of  vitriol  and  qaick-lime.  It  is  an  oily,  colorless  liq- 
uid, which  causes  a  flow  of  tears,  leaves  a  transient 
greasy  stain  on  paper,  has  a  density  of  1.602,  boils  at 
206°,  is  aolnble  in  water  and  alcohol,  and  gives  no  pre- 
cipitate with  nitrate  of  silver.  When  kept  for  a  length 
of  time  in  a  sealed  tube,  it  spontaneously  becomes  white, 
solid  chloral.  In  this  condition  it  is  little  soluble  in 
water,  and  reverts  to  its  other  state  by  being  warmed. 

If  chlorine  acts  on  alcohol  containing  water,  heavy 
Sydroehloric  Mher  is  formed.  It  is  a  colorless  and 
volatile  liquid. 

The  action  of  chlorine  upon  common  ether,  and  also 
upon  the  compound  ethers,  is  very  interesting.  It  con- 
sists in  the  gradual  removal  of  hydrogen,  chlorine  being 
substituted  for  it.  This,  in  many  instances  in  which  the 
aid  of  the  sunlight  is  resorted  to,  terminates  in  the  en- 
tire removal  of  the  hydrogen.  In  the  compound  ethera 
it  is  the  bade  hydrogen  which  is  removed,  while  that 
of  the  acid  escapes,  as  in  the  case  of  chlorureted  acetic 
and  cMorufetecl  formic  ethers.  When  the  vapor  of 
light  hydrochlonc  ether  is  acted  upon  by  chlorine  gas. 

What  is  the  cheiuioal  composition  of  acetone  ?  How  is  chloral 
inftde?  What  changes  may  occur  in  it?  What  is  the  action  of 
chlorine  on  tiiE  etheiB? 
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a  complete  series  of  compounds  miy  l)o  obtiined,  the 
hydrogen  event  a  Ij   1    api  e       g 

HydroclUo   c  E  h  C  U  CI 

MonochlorueiedHjc]  0      o      Ehe  G H  CI, 

Bichlorureted  •  C  S  CI, 

Triclilovute  ed  CHOI. 

Quadvichlo    re  e<  C  H  CL, 

Perchloride  of  Ca  ton  C       C^ 

furnishing,  the  eto  e   a  ^e  y  strk    c;    nata  ce  of  the 
doctrine  of  Bubet  tutiou 

XanthioAal{Cjrs  0+^0)— Hjd  ateofpotas- 
sa  is  to  be  dissolved  in  twelve  paits  of  alcohol,  speoifio 
gravity  .8,  and  bisulphide  of  carbon  dropped  into  the 
solution  until  it  oeases  to  have  an  alkaline  reaction.  On 
cooling  to  zero, the  xanthate  of  potassa  crystallizes;  it 
is  to  be  dj'ied  in  vacuo.  It  is  soluble  in  water  and  alco- 
hol, but  not  in  ether,  and  from  it  xanthic  aoid  may  bo 
procured  by  the  action  of  dilute  hydvochloric  acid. 
Xaulhic  acid  is  an  oily  liquid,  heavier  than  water,  which 
first  reddens  and  then  bleaches  litmus  paper.  At  75° 
it  ia  decomposed  into  alcohol  and  bisulphide  of  carbon. 
It  is  also  decomposed  by  the  action  of  the  air. 

ICakodyle  {C\Il^As=Kd)  is  a  compound  radical 
which  gives  riso  to  an  extensive  group  of  bodies,  in 
which  it  acts  the  part  of  a  metal. 

The  Kakodyle  Group 

Kakodjlo   CJI,Aa  =Kd 

Oxide  LtKakodile  =KdO 

Chlonde  ^h4Cl 

Iodide  =Kdl 

Sulphide  =R.dS 
Etc  Etc 

Katodjle  may  be  obtained  by  decomposing  the  chlo- 
ride ot  kikodyle  with  metallic  zmo  in  tn  apparatus 
filled  with  caibonic  icid,  and  may  be  puiihed  by  redis- 
tillation tiom  zinc,  similar  piecautions  being  taken  to 
exclude  atmoapheiic  on  It  is  a  colorless  liquid,  of  a 
highlj  ofiensive  odoi,  whence  its  name,  taking  fire  spon- 
taneously m  the  oil,  ov^gen,  or  chlonne,  boils  at  338°, 
crystallizes  it  20°  m  square  prisms,  and  is  decomposed 


properties 


Give  the  compounds  of  hydrochloric  ether.     How  is  xanthic 
produced?    Whatiskafcodyle?    How  is  it  ohtained  ?     Wlmta 
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at  a  red  heat  into  olefiant  gas,  light  carbureted  hydro- 
gen, and  arsenic.     It  is  very  poisonous. 

Oxide  of  KakoAyh — Alkarsine — Cadeffs  Fuming 
Idgiiop — is  prepared  by  the  distillation  of  acetate  of  po- 
t^sa  and  arsenious  acid,  receiving  the  products  in  an 
ice-coH  vessel,  the  temperature  being  finally  carried  to 
a  red  heat.  The  oxide  comes  over  in  an  impnro  state, 
sinking  to  the  bottom  of  the  other  products.  It  is  to 
be  decanted,  washed  with  water,  boiled,  and  then  distil- 
led in  a  vessel  full  of  hydrogen  from  hydrate  of  potassa. 
It  is  a  colorless  liq^iiid,  spec.  gr.  1.64 ;  boils  at  300°,  and 
solidifies  at  9°;  is  msoluble  in  water,  but  dissolves  in  al- 
cohol and  ether  ;  is  excessively  poisonous,  possessing  a 
smelllike  concentrated  garlic.  Heated  in  the  airjitbunis, 
producing  carbonic  acid,  water,  and  arsenions  acid. 

Chloride  ofKakodyle  may  be  procured  by  the  action 
of  a  dilute  solution  of  corrosive  sublimate  on  a  dilute  al- 
cohofio  solution  of  oxide  of  feakodyle.  A  white  precip- 
itate falls,  wLich,  distilled  with  strong  hydrochloric  acid, 
yields  corrosive  sublimate ;  water  and  the  chloride  of 
kakodyle  passes  over.  When  pviiufied  by  chloride  of 
calcium  and  distilled  in  an  atmosphere  of  carbonic  acid, 
it  is  a  colorless  liquid,  of  a  very  ofieusive  odor,  heavier 
than  water  and  insoluble  therein,  but  soluble  in  alcohol. 
It  is  vei7  poisonous.  It  boils  at  about  212°,  the  vapor 
taking  fire  in  the  air. 

Kakodylia  Acid — Alcargen,  (KdO^ — may  be  made 
by  the  action  of  oxide  of  mercury  upon  oxide  of  kako- 
dyle under  the  surface  of  water  at  a  low  temperature. 
Kakodylio  acid  forms  crystals  which  deliquesce  in  the 
air,  are  soluble  Id  water  and  alcohol,  but  not  in  ether. 
It  is  not  acted  upon  by  oxidizing  agents,  such  as  niti'ic 
acid,  but  is  reduced  to  oxide  of  kakodyle  by  sevei-al  de- 
oxidizing bodies.  It  is  not  poisonous,  though  it  con- 
tains 56  per  cent,  of  arsenic:  seven  grains  ofit  produced 
no  effect  on  a  rabbit. 

Kakodyle  fnniishes  a  complete  series  of  bodies — the 
iodide,  sulphide,  cyanide,  and  a  substance  isomeric  with 
the  oxide,  which  has  the  name  of  parakakodylic  oxide. 

How  is  the  oxide  of  kakodyle  made?  "What  are  its  properties? 
How  is  tlie  chloride  formed?  What  aro  its  properties?  How  is 
knkodjlie  acid  made?  How  much  arsenic  does  it  contain?  What 
properties  bare  the  kakodjle  compoHnds  in  common  ? 
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The  preparation  of  these  compounds  is  very  dangerous, 
from  their  exploaibility  aiid  poisonousnese.  The  cyan- 
ide of  kakodyle,  diffused  in  the  smallest  quantity  through 
the  atmosphere,  produces  a  sudden  cessation  of  rauacii- 
lar  power  in  the  hands  and  feet,  giddiness,  and  insensi- 
bility. 


LECTUIiE  LXXVII. 
Toe  Wood-Spibit  Geoup. — MethyU. — Its  Oxide  and 
Hydrated  Oxide. — Salts  ofMeihyle. — l^brmie  Acid, 
Nat/ural  and  Artificial  Prod/iioiion  of. —  Odoroform. 
— Its  AncEstketie  IVoperties. — Action  of  Chlorine  on 
tJie  Oxide  of  Methyh. — Substitutions  in  Chloride  of 


In  the  destructive  distillation  of  wood  in  the  prepa- 
ration of  pyroiigneous  acid,  there  passes  over  about  one 
per  cent,  of  a  body  to  which  the  name  of  wood-spirit 
lias  been  given.  This  ia  the  hjdrated  oxide  or  alcohol 
of  a  compound  radical,  MethyU. 

Methjlo,  C,Hs =Ms 

Oxide  of  Metliyle. =MeO 

Hj-dvatedOxidaofMethyle =MeO-\-IIO 

Chloride  of  Metlij-le =MqCI 

Etc.  Etc. 

Methyle  is  a  gas,  specific  gravity  1.030,  produced  by 
decomposing  iodide  of  methyle  by  zinc. 

Oxide  of  Methyle — Methylic  Ethe/r —  Wood  Ether 
{G^HjO). — This  substance  is  made  from  the  hydrated 
oxide,  on  the  same  principle  that  ether  is  made  from  al- 
cohol. One  part  of  wood-spirit  and  four  of  oil  of  vit- 
riol being  heated  in  a  flask,  the  vapor  is  passed  through 
a  small  quantity  of  caustic  potassa  solution  and  received 
at  the  mercurial  trough.  It  is  a  permanently  elastic 
gas,  colorless,  and  has  a  specific  gravity  of  1.59 ;  burns 
with  a  pale  blue  flame,  is  very  soluble  in  water,  which 
takes  up  thirty-three  times  its  volnme  of  it,  and  yields  it 
unchanged  when  heated. 

■When  does  wood-spirit  arise?  Wlitit  is  the  conipoBition.  of  me- 
thyle? How  is  methyle  produced?  How  is  the  oxiile  of  methyle 
mode? 
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SydraUd  Oxide  ofMsthyle —  Wood-^rit — I*yr<m/- 
lie  ^irit — may  be  separated  from  crude  wood  vinegar 
by  distillation.  It  passes  over  with  tlie  flrat  portions 
along  with  a  little  acid,  which,  being  neutralized  with 
hydrate  of  lime,  the  wood-spirit  may  be  separated  from 
the  oil  which  floats  on  its  surface  and  redistilled.  The 
product  thus  obtained  may  be  rectified  in  the  same 
manner  as  common  alcohol,  and  rendered  anhydrous  by 
quick-lime.  It  is  then  a  colorless  liquid,  of  a  hot  taste 
and  peculiar  smell,  like  peppermint.  It  boils  at  15p°, 
and  baa  a  epecifio  gravity  of  .7398  at  60° ;  the  density 
of  its  vapor  is  1,125.  It  is  soluble  in  water,  alcohol,  and 
ether  in  all  proportions,  and  may  be  burned  like  spirit 
of  wine,  exhaling  a  peculiar  odor.  Its  solvent  powers 
resemble  those  of  alcohol ;  it  may  be  used  as  a  substi- 
tute for  that  fluid  in  the  manufacture  of  fulminating  sil- 
ver. It  dissolves  resins  and  oils.  It  is  a  powerful  anti- 
septac.  Methylated  Spirit  contains  ten  per  cent,  of  me- 
thylic  alcohol  and  80  per  cent,  of  alcohol. 

Chloride  ofMethyle  {MeGl)  may  be  made  from  the 
reaction  of  sulphuric  acid  upon  common  salt  and  wood- 
spirit.  It  is  a -colorless  gas,  which  mav  be  collected 
over  water,  and  )iss  a  density  of  1,731.  It  has  a  pecul- 
iar odor,  is  inflammable,  and  may  be  decomposed  by 
passing  through  a  red-hot  trxbe.  Chloride  of  lime,  act- 
ing upon  pyroxylio  spirit,  gives  rise  to  methylic  chloro- 
form. 

Sulphate  of  Oxide  of  MetKyle  {MeO,SO^)  ya^y_  be 
prepared  by  distilling  one  part  of  wood-spirit  with  eight 
or  ten  of  oil  of  vitriol ;  the  product  is  to  be  washed 
with  water  and  redistilled  from  caustic  baryta.  It  is 
an  oily,  neutral  liquid,  smelling  like  garlic;  specific 
gravity  1.324;  boils  at  370°.  It  is  not  soluble  in  wa- 
ter, but  is  decomposed  by  that  liquid,  especially  at  the 
boiling  point,  into  sulpho methylic  acid  and  hydrated 
oxide  of  methyle.  It  is  to  be  observed  that  in  the  se- 
ries of  Tivine  alcohol  there  is  no  compound  correspond- 
ing to  this. 

Nitrate  of  Oxide  of  Methyle  {MeO,  IfO^  is  obtained 

How  is  pjroxjlic  spirit  made  and  what  Bie  ils  pioperties?  What 
is  methylated  spirit?  "What  are  the  properties  of  chloride  of  me- 
tliyle  ?  Desoiibe  the  prepnration  and  properties  of  sulphate  of  oxide 
of  methyle.     State  the  properties  of  nitrate  of  osiiieof  metiiyle. 
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by  tbe  action  of  a  mixture  of  wood-spirit  and  oil  of  vit- 
riol upon  nitrate  of  potassa.  It  ia  a  colorless  liquid, 
heavier  than  water ;  boils  at  150° ;  borns  with  a  yellow 
flame ;  its  vapor  explodes  when  heated.  In  a  solution 
of  caustic  potassa,  it  decomposes  into  nitrate  of  potassa 
and  wood-spirit. 

Oxalate  of  Oxide  of  Methyls  [MeOC^O^]  is  made  by 
distilling  oxaUe  acid,  wood-spirit,  and  oil  of  vitriol. 
The  liquid  which  ia  collected  is  allowed  to  evaporate ; 
it  yields  crystals  of  the  oxalate.  When  pure,  it  is  col- 
orless, melts  at  124°,  and  boila  at  322°,  It  ia  decom- 
posed by  hot  water  into  oxalic  acid  and  wood-spirit ; 
by  solution  of  ammonia-  into  oxamide  and  wood-spirit. 

Sulphomethylic  Aeid  {MeO,  2S0g+II0)  is  the  com- 
pound coiTesponding  to  sulphovinic  acid,  and  is  prepared 
in  the  same  way  by  snbstitnting  wood^pirit  for  alco- 
hol. It  is  thus  procured  as  a  sirup,  or  in  small  ci7Stale, 
soluble  in  water  and  alcohol.  It  is  an  instable  body, 
audpossesses  many  analogies  with  Bnlphovinic  acid. 

Mrmie  Add  { C2SO3+ If 0).— This  acid,  in  the 
wood-spirit  series,  ia  the  analogue  of  acetic  acid  in  the 
alcohol  series.  It  may  be  procured  on  principles  similar 
to  those  involved  in  the  preparation  of  acetic  acid,  as 
by  the  gradual  oxidation  of  the  vapor  of  wood-spirit  in 
the  air  under  the  influence  of  platinum  black.  It  may 
be  prepared  bv  the  distillation  of  10  parts  of  starch,  37 
of  peroxide  ot  manganese,  80  of  water,  and  30  of  sul- 
phuric acid ;  or  by  distilling  10  parts  of  tartaric  acid,  3 
of  peroxide  of  manganese,  3  of  sulphuric  acid,  and  3  of 
water.  The  dilate  acid  distillate  is  saturated  wjth  car- 
bonaleof  lead,  and  the  formate  of  lead  purified  by  crys- 
tallization. It  ia  then  decomposed  by  an  equivalent  of 
snlphurie.acid  or  by  snlphureted  hydrogen.  It  has 
been  prepared  by  distilling  oxalic  acid  and  glycerine  at 
212°.  The  oxalic  acid  is  resolved  into  formic  and  car- 
bonic acids,  the  glycerine  remaiuing  unchanged, 
2{JI0,  a,0^)=,(H0,  C^S0^)  +  2(C0^). 

Formic  add  occurs  naturally  in  the  bodies  of  red 
ants,  and  hence  obtained  its  name,  having  been  first 
derived  from  the  distillation  of  those  animals.     Anhy- 

What  body  does  sulphomethjlio  acid  resemble?  What  acid  is 
formic  acid  llie  nniili^iie  of?  Hoiv  is  formic  add  made?  DeBcribe 
its  production  from  oxalic  acid.     What  ia  tlie  origin  of  the  name  ? 
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droua  formic  acid  {C^HO^  obviously  contains  the  ele- 
ments of  two  atoms  of  carbonic  oxide  and  one  of  water. 
It  yields  two  hydrates,  respectively  containing  one  and 
two  atoms  of  water.  The  first,  for  which  the  formula 
has  already  been  given,  is  a  very  acrid  fniniDg  liquid, 
specific  gravity  1.22,  crystailizable  below  32°,  boiling  at 
220°,  and  yielding  an  inflammable  vapor  whose  density 
is  2,125.  Formic  acid  is  represented  as  the  teroxide  of 
Formyle  (C^SH-  Og)  ;  it  yields  a  complete  series  of  salts, 
and  has  been  used  as  a  reducing  agent  in  photographic 
developers. 

Chloroform  {C^HOQ  ia  made  by  distilling  wood- 
spirit  with  a  solution  of  ohloride  of  lime,  or  chloral  with 
lime  and  water,  or  a  mixture  of  1  pai't  of  alcohol,  24 
parts  of  water,  and  6  parts  of  chloride  of  lime.  It  ie  a 
colorless,  transparent  liquid  ;(,specific  gravity  1,5 ;  boila 
at  140° ;  the  density  of  its  vapor  is  4.2.  It  burns  with 
a  green  flaiue;  is  readily  vaporizable;  almost  insoluble 
in  water,  but  soluble  in  al  h  1  d  i  r ;  dissolves 
resins,  bromine,  iodine,  the     Ik  1     1  \  many  other 


When  the  vapor  of  cblo    f  p  red,  diluted 

with  Mr,  it  speedily  produce  n  b  I  y  and  is  there- 
fore useful  aa  an  ancesthetio  n  "i  1  p  rations,  and 
on  occasions  when  pain  is       1  d  d     It  should 

never  be  respired  by  perso  h  g  fi"  tions  of  the 
lungs  or  heart,  and  must  al  y  b  k  i  the  recum- 
bent position,  with  the  cl  1  g  1  d.  Notwith- 
standing these  precautions,  1  h  nally  results 
from  its  use. 

The  relation  between  fonnie  acid  and  chloroform  is 
obvious,  consisting  in  the  substitution  of  three  atoms 
of  chlorine  for  three  of  oxygen.  It  is  regarded  as  the 
terchloride  of  formyle.  There  are  two  analogous  com- 
pounds : 

Bromoform CiHBf, 

Iodoform CJil, 

Mrmomethylal  {O^S^O^  is  prepared  by  distilling 
wood-spirit,  oxide  of  manganese,  and  dilate  sulphuric 

What  compounds  does  formic  acid  yield?  How  is  chloroform 
made?  Of  what  use  is  chloroform?  What  precautiona  should  he 
taken  in  respiring  it?  What  are  the  formnlas  for  chloroform,  hro- 
moform,  and  iodoform?     How  is  formomethylal  prepared? 
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acid.  On  Eaturating  iha  product  with  potassa,  forino- 
methylal  separates  aa  a  colorless'  oily  liqttid,  specifii 
gravity  .855,  boiling  at  107°,  and  soluble  in  water. 

Methyk'Tnercaptan. — ^Formed  like  the  common  mer- 
captau  by  substituting  sulphora  ethyl  ate  of  potassa  for 
eulpho'vinate  of  lime.    It  is  analogous  to  common  mer- 

When,  clilorine  is  made  to  act  on  the  oxide  of 
thyle  at  common  temperatures,  it  removes  one  of  the 
hydrogen  atoms,  and,  by  continuing  the  action,  a 
ond  may  be  taken  away,  and  the  process  of  substitu- 
tion, as  shown  m  the  following  senes,  may  be  carried  so 
far  aa  to  end  in  tht,  entiie  lemoval  of  the  hydrogen  and 
oxygen,  and  the  pi  oduotion  of  ohloi  ide  of  c^ibon : 
Oxide  of  Mcthilo,  CJLO 

1st  snhstitntion  G,B,0,  CI 

2d  ■  GJIO,C% 

Bd  '  C,     0,  CI, 

4tli         '  GhloiiiloofCaabon  tj  CI, 

Other   moth) 111.    compounds  furnish   similar   series, 

Chloride  of  Melbj  le  C  H,  CI 

1st  siibstiintion  C  Hr,CL 

Sd  "  Ohloroform  C  H  Ch 

3d  '  Chloride  ntfiiton  C       CI, 


LECTURE  LXXVIII. 


The  Potato-Oil  Group. — Amyle. — Fusd  Oil. — Chlo- 
ride of  ArayU.  —  Siilphamylic  Acid. — Amylmie. — 
Valerianio  Add. 

The  Benzoyle  G-eoup.  —  OU  of  Mitter  Almonds.  — 
~         e  Acid.  —  Sulphobmsoio  Acid.  —  Chloride  of 


In  the  distillation  of  brandy  from  potatoes  a  volatile 
oil  passes  over ;  it  is  the  hydrated  oxide  of  a  compound 
radical,  Amyle,  O,^,,. 

Whatis  the  action  of  chlorine  on  oxide  of  meUiyJal?  GiyotUo  se- 
ries reanlting  from  the  nclion  of  clilovine.  What  is  the  composition 
of  amylc  ? 
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Arayle,  C„H„ -Ayl 

Amylic  Ethei' ^AytO 

Amylic  Alcohol  (Potato  Oil}. ^AglO+EO 

Chloride  of  Amjle =^AslCt 

Etc.  Etc. 

Amjlene =^C',oifio 

Valerinnic  Acid =  Cn,^,03 

AtnyU  13  isolated  by  acting  with  ziiie  amalgam  on 
iodide  of  amyie  under  pressure.  It  is  a  coloriess,  pellu- 
cid liquid,  of  an  etbereal  odor  and  buraiiig  taste.  Cool- 
ed to  18°  it  thickens,  but  does  not  solidify;  specific 
gravity  at  52°,  .7704 ;  TdoIIb  at  310°.  It  does  not  ignite 
at  ordiaavy  temperatures,  Tstit  buvna  -wlien  heated  ;  is 
insoluble  in  water,  but  is  soluble  in  all  proportions  in  al- 
cohol and  ether.     It  forms  a  hydride. 

A.myUo  Ether  acts  iilto  the  etbers  of  ethyle  and  ruo- 
tbyle. 

Sydraled  Oxide  of  Amyie — Amylic  Alcohol — Potato 
Oil— Fusel  Oil — passes  over  toward  the  end  of  the  first 
distillation  of  potato  spirit  or  corn  spirit,  and  communi- 
cates to  it  a  milky  tint.  On  standing,  it  floats  to  the 
Borfaoe,  and  may  be-  purified  by  washing  with  watei', 
djying  with  chloride  of  calcium,  and  redistillation  jit 
268°.  It  is  a  colorless  liquid,  of  a  pecnliar,  nauseating, 
suffocating,  and  persistent  odor,  and  acrid  taste ;  specif- 
ic gravity  .812;  boils  at  270°,  ciystallizes  at  4°.  It  is 
sparingly  soluble  in  watei-,  but  dissolves  in  alcohol,  ether, 
and  fixed  and  volatile  oils.  When  acted  on  by  oxidiz- 
ing agents  it  yields  VitleriG  acid. 

Chloride  ofAmyle  is  made  by  distilling  equal  weights 
of  potato  oil  and  perchloride  of  phosphorus,  washiug 
with  potassa  water,  and  redistilling  from  chloride  of 
calcium.  It  is  an  aromatic  liquid,  boils  at  215°,  and 
burns  with  a  green  flame.  Under  the  influence  of  sun- 
shine eight  of  Its  hydrogen  atoms  may  be  removed,  eight 
chlorine  atoms  being  substituted  for  them,  Cipjffj.CT 
yielding    (7,gH|C^,  Tonning    chlorureted    chloride    of 


Mention  tha  members  of  die  potato-oil  group.  'What  nra 
properties  of  amjle !  Describe  fosel  oil.  How  is  chloiide  of  ai 
made  f    Whftt  effect  has  chlorine  on  it  under  the  influence  of : 
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Acetate  of  the  Oxide  of  Amyh  is  obtained  by  distil- 
ling acetate  of  potassa,  potato  oil,  and  sulpharie  acid. 
It  18  a  colorless  liquid,  wbieh  boils  at  257°. 

Stdphamylie  Acid  {Ayl  0, 280^11+  HO)  is  generated 
when  sulphuric  acid  is  made  to  act  on  an  equal  weight 
of  potato  oil.  From  this,  by  the  successive  action  of 
carbonate  of  baryta  and  sulphuric  acid,  it  may  be  pro- 
cured by  operating  on  the  same  principles  as  for  sul- 
phovinio  acid,  to  ■which,  both  in  constitution  and  prop- 
erties, it  is  analogous.  It  is  a  sirapy  or  crystalline  body, 
and  is  deoomposed  by  ebullition  into  potato  oil  and  sul- 
phuric acid. 

Amyhne  is  obtained  by  the  action  of  anhydrous  phos- 
phoric acid  on  potato  oil.  It  is  an  oily  liquid,  lighter 
than  water,  boiling  at  102°.  It  is  a  hydrocarbon,  iso- 
meric with  oleSant  gas  and  ctherine.  TLe  density  of 
its  vapor  is  5.06,  five  times  that  of  olefiant  gas ;  each 
volume  of  it  therefore  contains  ten  volumes  of  hydrogen 
and  ten  atoms  of  carbon.  It  has  been  used  as  an  an- 
Eesthetio,  but  baa  caused  fatal  results  several  times.  It 
occupies  the  same  position  that  olefiant  gas  does  In  the 
wine-alcohol  series. 

Ycdffrianie  Acid  {C^f,IfgO^  bears  the  same  relation 
to  the  amyle  group  that  acetic  acid  does  to  the  wine-al- 
cohol group,  or  ftfrmic  acid  to  the  wood-spiiit  group. 
It  is  formed  when  warm  potato  oil  is  dropped  on  pla- 
tinum black  in  contact  with  the  air.  It  occurs  natural- 
ly in  the  root  of  the  Valeriana  Officinalis  and  other 
plants,  and  in  tr^n  oil,  but  is  best  made  by  heating  pOi 
tato  oil  in  a  flask  with  a  mixture  of  quicli-lime  and  hy- 
drate of  potassa  for  several  hours  at  a  temperature  of 
400°.  The  white  residue  is  immersed  in  cold  water  and 
distilled  with  a  slight  excess  of  sulphuric  acid,  so  as  to 
drive  off  hydrated  valerianic  add  and  water.  It  is  an 
oily  liquid,  of  an  acid  taste,  specific  gravity  .944,  com- 
bustible, and  boiling  at  270".  The  anhydrous  acid  is 
formed  by  the  action  of  oxychloride  of  phosphorus  on 

How  is  Bulphamylio  acid  generated  ?  What  are  the  properties  of 
nmyleoB?  What  are  iis  relations  to  olefiant  gas?  What  is  tliean- 
ali^ue  of  valerianic  aeid?  How  is  it  made?  Hoivis  anliydrona  va- 
lerianic acid  made? 
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valerate  of  potassa.  It  is  a  limpid  oU,  with  a  smell  of 
apples,  but  on  contact  with  water  it  is  hydrated,  and  ac- 
quires an  intense  odor  of  valerian. 

When  acted  on  by  chlorine  in  the  dark,  and  the  ac- 
tion aided  hy  heat,  it  gives  rise  to  Cfdorovalerisie  Acid 
{O-fnH^C%0';f-\-H0)iia  which  there  has beeu  a  removal 
of  three  hydrogen  atoms  and  a  snbstitution  of  three  of 
chlorine.  Under  the  influence  of  the  sunahine,  Ijy  the 
same  process,  another  hydrogen  atom  is  removed,  and 
Chlorovalerosic  ^oi(Z forms  {Gi^al^r^CkO^-^-IIO). 

Tfte  Ben%oyh  Group. 
BenzoyleCi.ffjOs =Bz 

Hydride  of  Benaojle =BzH 

Oxide  of  "         (Benzoic  Acid) =BzO 

OUoridH  of     "        =BzCl 

EW.  Etc 

J3p.n%oyle  has  heea  obtained  as  an  oil  by  the  dry  dis- 
tillation of  benzoate  of  copper.  It  discbarges  the  func- 
tions of  a  metallic  body. 

Hydride  of  Bemoyle  ( Oil  of  Bitter  Almonds)  is  ob- 
tained by  the  distillation  of  bitter  almonds,  from  which 
the  fixed  oil  has  been  expressed,  with  water,  and  arises 
from  the  action  of  the  water  upon  AmyydaUne  con- 
tained in  the  seed.  It  may  foe  purified  from  the  hydro- 
cyanic acid  it  contains;  it  must  he  agitated  with  milk 
of  lime  and  protochloi-ide  of  iron  and  redistilled.  It  is 
a  colorless  liquid,  of  an  agreeable  odor  aud  pungent  fla- 
vor, not  poisonous,  as  it  is  used  in  cookery,  slightly  solu- 
ble in  water,  but  very  soluble  in  alcohol  and  ether.  It 
boils  at  350°,  is  inflammable,  and  oxidizes  in  the  air  into 
benzoic  acid. 

Oxide  of  Benzoyie — Benzoic  Add — is  obtained  by 
sublimation  from  gum  benzoin,  a  resinous  exudation  of 
the  Styrax  Benzoin,  a  tree  growing  in  Sumatra,  Borneo, 
arid  Java.  It  is  found  in  the  pods  of  vanilla.  The  ben- 
zoin is  placed  in  a  shallow  vessel,  over  the  tojj  of  which 
a  covering  of  filtering  paper  is  pasted,  and  this  covered 
by  a  taller  cylinder  of  stouter  paper.     On  heating,  the 

What  effect  Iiiia  elilorinc  on  it  in  the  &ni\  nird  in  tliQ  Rnnsliitio  ? 
How  is  tlie  iijdriilo  of  beniojio  macie?  Wliat  nro  the  pvoperfics 
of  oil  of  bitter  almonds?  WhatiBtlia  source  of  benzoic  ncid?  De- 
scribe the  method  of  preparation. 
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vapor  passes  through  the  filtering  paper,  and,  condens- 
ing in  feathery  crystals  in  the  space  above,  falls  tlowii 
upon  the  paper,  and  is  retained  by  it.  A  better  meth- 
od is  to  boii  a  mixture  of  the  gum  with  hydrate  of  lime, 
filter,  concentrate  the  solution,  add  hydrochloric  acid, 
and  the  benzoic  acid  crystallizes  in  thin  plates  on  cool- 
ing.    It  may  be  subsequently  sublimed. 

w  hen  pure,  benzoic  acid  has  no  odoi^,  but  is  generally 
scented  with  a  trace  of  volatile  oil ;  it  has  a  sour  and 
acrid  taste.  It  melts  at  250°,  boils  at  460°,  the  vapor 
having  a  specific  gravity  of  4.26,  and  exciting  cough- 
ing. It  is  six  times  more  soluble  in  hot  than  cold  wa- 
ter, and  is  dissolved  by  alcohol,  ether,  and  the  fixed 
and  volatile  oils.  The  crystals  contain  an  atom  of  wa- 
ter, the  equivalent  being  122.  It  forms  a  series  of  salts, 
and  is  sometimes  used  for  the  separation  of  iron  from 
other  metals. 

Sulphobenaoic  Acid  {Cji-IfiS^Og+iJIG)  a  bibasic 
acid,  iormed  by  the  action  of  anhydrous  sulphuric  acid 
upon  benzoic  acid,  the  mass  being  dissolved  in  water 
and  nentvalized  by  carbonate  of  baryta.  By  filtering, 
and  adding  hydrochloric  acid  to  the  hot  solution,  on 
cooling,  the  sulphobenzoate  of  baryta  crystallizes ;  it 
may  be  decomposed  by  dilute  sulphuric  acid.  It  is  a 
white  crystalline  mass. 

Chloride  of  Bmzoyh  {BzrCl). — When  chlorine  gas 
is  passed  through  oil  of  bitter  almonds,  hydrochloric 
acid  is  formed,  and,  after  expelling  the  excess  of  chlo- 
rine by  heat,  chloride  of  benzoylo  remans.  It  is  a  col- 
orless liquid,  of  a  disagreeable  odor,  heavier  than  wa- 
ter, combustible,  and  decomposed  by  boiling  water  into 
benzoic  and  hydrochloric  acids. 

Beiisamide  ( C\^n^NO^  is  formed  by  the  action  of 
chloride  of  benzoyie  on  dry  ammonia,  the  chloride  of 
ammoniam  being  removed  fi-om  the  resulting  white 
mass  by  cold  water.  From  a  solution  in  boiling  water 
the  benzamide  crystallizes.  It  melts  at  239°,  and  cor- 
responds in  its  chemical  3'elations  to  oxamide. 

Mydrohenzamide  ( Gi^M^^N^, — Made  by  the  action  of 
pare  oil  of  bitter  almonds  on  a  solution  of  ammonia,  the 

What  are  the  properties  of  benzoic  ncid?  DsECribe  siilpliobenzoin 
flcid.  What  is  the  i^eaelion  of  chlorine  on  oil  of  hitter  almonds  ? 
How  are  benzamide  and  hydrobenzamide  formed  ? 
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product  being  w^hed  with  ether,  and  from  its  alcoholic 
solution  this  substance,  crystallizes ;  but  when  impure 
almond  oil  is  employed,  three  other  compounds  may  be 
obtained  —  benzhydramide,  azobeuzoyle,  and  aitroben- 


LECTURE  LXXIX. 
The  Saiicyle  and  Cinnamyle  Geoups.- 

Benzone. — JSetttsoh.  —  Sidphobenzlde. — N'iProhenzide. 

— Gkloroben&ide. — IBppurie  Add. — Oilof  Spircea. 

— Salicylic  Acid. — Conipounde  of  Cinnamyh. 

Benzoinb  (Czs-Sj^Oj)  is  a  body  isomeric  with  bitter 
almond  oil,  but  inodorous  and  t^teless.  It  is  foand  in 
the  residue  after  purifying  that  oil  from  hydrocyanio 
acid  by  distillation  from  lime  and  oxide  of  iron,  and 
may  be  obtained  by  dissolving  oat  those  bodies  by  hy- 
drochloric acid.  It  oiystallizes  fi-om  an  alcoholic  solu- 
tion, on  cooling,  in  colorless  ciystals,  -which  melt  at 
248°,  It  dissolves  in  an  alcoholic  solution  of  caustic 
potassa,  which,  by  boiling  until  the  violet  color  has  dis- 
appeared, furnishes  benzilate  of  potassa,  a  salt  from 
which  benzilic  acid  may  be  obtained  by  hydrochloric 
a«id.  The  constitution  oiJB&izilia  aeidis  {V^s^n^i,-^ 
MO). 

Benzone  { G^^S^^  0^  is  obtained  by  the  distillation  of 
dry  benzoate  of  lime  with  a  little  lime  at  a  high  tem- 
perature. A  red  liquid  passes  over ;  it  is  redistilled, 
and  the  liquid  that  comes  over  between  600"  and  620° 
is  benzone,  or  Bensophenone.  It  crystallizes  in  trans- 
parent rhombic  piisms,  insoluble  in  water,  soluble  in 
alcohol  and  ether.  The  formation  from  benzoate  of 
lime  is  thus  expMned  : 

%{CaO,  GuJTs Oj)  =  3 (Ca 0,  C 0^)  +  C^^H^^ 0^. 

Benzine — B&xzole — Jnene  (C]s-^)  — occurs  in  the 
volatile  liquids  condensed  from  coal  naphtha,  but  is  best 
obtained  by  distilling  one  part  of  benzoic  acid  with 
three  of  slacked  lime.  It  is  a  limpid,  colorless  liquid, 
specific  gravity  .85,  boils  at  170",  solidifies  at  40°,  insol- 

How  ia  benzoine  procured  ?  What  are  its  properties  7  What  ia 
the  process  for  obtaining  benzone?  Whore  does  benzole  occur? 
What  are  its  properties? 
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uble  in  water,  soluble  in  alcohol  and  ether.  In  its  for- 
mation, one  equivalent  of  henzoio  acid  yields  two  equiv- 
alents of  carbonic  acid  and  one  of  benzine : 

Stiiphobenzid&-—Sulphobenzok  (Ci^J^^SOz) — is  made 
by  taking  the  substance  which  arises  from  the  union  of 
benzine  with  anhydrous  sulphuric  acid,  and  acting  upon 
it  with  an  excess  of  water.  The  sulphobenzide,  which 
is  insoluble  in  that  liquid,  may  bo  obtained  in  crystals 
from  its  ethereal  solution.  Itinelta  at  212°.  From  the 
acid  liquid  from  which  it  has  been  separated  h^poml- 
phobenzidic  acid  may  be  obtained.     The  constitution 

Ni^obmzide — Nitrobe/nzoh  {C^^^HJ^O^ — is  pro- 
duced by  adding  benzine  to  fuming  nitric  acid  gently 
heated.  It  is  an  oily  liquid,  of  a  sweet  taste,  heavier  than 
water,  boila  at  415°,  and  is  used  by  perfumers  and  confec- 
tioners under  the  name  of  Eaaenee  of  MirhoMe,  or  bit- 
ter almonds.  From  it  Azohenzide,  C-,^^^,  may  be  ob- 
tained by  distillation  with  an  alcoholic  solution  of  caus- 
tic potassa,  in  the  form  of  red  ci-ystals ;  the  liquid  con- 
tains Aniline.  Binil/rohmsole,  C^^S^  OgJV^,  results  from 
the  action  of  nitric  and  sulphuric  acids  upon  benane. 
In  these  derivatives  of  benzole  one  and  two  atoms  of 
hydrogen  are  replaced  by  one  and  two  atoms  ofl^O^. 

GMorobm/^ne — C'hlorobensole  (  CjjjE^  CQ — is  formed 
by  the  union  of  benzine  and  chlorine  in  the  sun's  rays. 
When  distilled,  the  solid  yields  hydrochloric  acid  and  a 
liquid,  Ohlorobenidde  {Ci^H^CV). 

MppuHo  Acid  {C^^HsO^N^HO)  is  found  in  the 
urine  of  graminivorous  animals,  and  occurs  in  the  mine 
of  persons  who  have  taken  benzoic  acid.  It  may  be 
prepared  by  evaporating  the  fresh  urine  of  the  cow, 
and  acidulating  the  concentrated  liquor  with  hydrochlo- 
ric acid ;  crystals  of  hippurio  acid  are  deposited,  which 
may  be  purified  by  dissolving  in  boiling  alcohol.  On 
cooling,  colorless  fonr-sided  prisms  separate ;  they  are 
soluble  in  500  parts  of  cold  water,  but  are  abundantly 
dissolved  by  boiling  water  and  alcohol.  By  a  high  tem- 
perature and  the  action  of  dilute  nitric  or  hydr<ichloric 

How  tire  sulphobenzide  and  nitrolieiizide  made?  Gire  some  of 
the  other  dBTivationa  of  benzole.  Where  does  hippuric  ncid  uatui'it!- 
Jy  occur?    What  are  its  properties? 
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acid,  it  yields  benzoic  acid  and  gelatin  sugar,  or  Glyeo- 
col.    It  gives  rise  to  a  serioa  of  eaJta — the  hippuvatea. 

Toe  Salicyle  Geoup. 
There  is  contained  in  the  bai'k  of  the  willow  and  oth- 
er trees  a  bitter  crystalline  principle,  Salicine  { C^glfjg 
1)14).  It  may  foe  extracted  by  boiUng  the  bitter  bark  in 
water,  and  digesting  the  concentrated  aolntion  with  ox- 
ide of  lead  to  decolorize  it,  removing  any  dissolved  lead 
by  sulphureted  hydrogen,  and  evaporating  until  the  eal- 
icine  crystallizes.  It  forms  white  needles  of  a  bitter 
taate,  much  more  soluble  in  hot  than  cold  water.  The 
aolntions  have  a  bitter  taste,  and  are  Isevo-gyrate  with 
regard  to  polarized  light.  Salicine  is  characterized  by 
the  deep  red  color  it  gives  with  strong  sulphuric  acid ; 
when  boiled  with  suiphnric  acid,  grape  sngar  is  a  prod- 
uct; nitric  acid  converts  it  iuto  oxalie  and  carbazotio 
acids. 

T/ie  Salicyh  Group. 
SftJioyle   C„Z/jC?,  =Sa 

SnlicTloua  Aciu  =SaII 

Iodide  ot  Salicjle  -  Sal 

CUondeof    '  =Sa<  I 

Etc  Ew 

SaUeylous  Aetd — OtlofSpitcea  Utmans,  or  Meadow 
Sweet  {G-^^II^O^H) — is  piepared  by  distdling  one  part 
of  salicine,  one  of  bichromate  of  potassa,  two  and  a  half 
of  snlphurio  acid,  and  twenty  of  water,  the  salicine  being 
dissolved  in  one  part  of  the  water  and  the  acid  mixed 
with  the  rest.  The  yellow  oil  which  comes  over  is  rec- 
tiiied  from  chloride  of  calcium.  It  may  also  be  obtained 
by  distilling  the  flowers  of  meadow-sweet  with  water. 
It  is  transparent,  but  turns  red  in  the  air ;  is  slightly  sol- 
uble in  water,  but  very  soluble  in  alcohol ;  specific  grav- 
ity 1.1T3 ;  boils  at  385" ;  contains  the  same  elements  as 
benzoic  acid. 

Salicylic  Acid  ( 0^11^  0^+  0)  is  obtained  by  the  ac- 
tion of  hydrate  of  potasaa  on  the  foregoing  body  by  the 
assistance  of  heat.  After  the  disengagement  of  hydro- 
gen is  over,  the  mass  is  dissolved  in  watei',  and  salicylic 
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acid  separates  in  crystals  on  the  addition  of  hydrochlo- 
ric acid.  It  is  more  soluble  in  hot  than  cold  water,  and 
is  charred  by  hot  oil  of  vitriol.  The  salioylates  strike  a 
violet-blue  color  with  a  persalt  of  iron.  Certain  inseots 
oxidize  ealiciiie  in  their  bodies,  and,  irritated  on  paper 
impregnated  with  a  persdt  of  iron,  produce  violet  spots. 
Oil  of  Wintergrem  is  a  salicylate  of  the  oxide  oi  me- 
thyle. 

Chloride  ofSallcyle  is  made  by  the  action  of  chlorine 
on  salioylous  acid.  Its  crystals  are  insolable  in  water, 
but  soluble  in  solutions  of  the  flxed  alkalies,  from  which 
it  separates  on  the  addition  of  an  acid,  resisting  decom- 
position even  wLen  boiled  with  caustic  potassa.  It 
unites  with  caustic  potassa. 

Bromide  and  Iodide  of  Salicyh  are  not  of  interest. 

Chlorosamide  (C^^Hi^JVeOstiQ. — ^Ammoniacal gas  is 
absorbed  by  the  cbloride  of  saiicyle,  producing  a  yellow 
body,  crystallizing  from  a  boiling  ethereal  solution.  It 
ia  insoluble  in  water.  When  acted  upon  by  hot  acids 
it  yields  a  salt  of  ammonia  and  chloride  of  ealicyle ;  an 
alkali  forms  with  it  ammonia  and  chloride  of  salicyJe. 
There  is  an  analogous  bromosamide. 

Saiieylide  of  Potassium  {KSl)  is  formed  by  the  ac- 
tion of  oil  of  meadow-sweet  on  a  solntion  of  caustic  po- 
tassa. It  forms  in  yellow  crystals  from  its  alcoholic  so- 
lution, and  has  an  alkaline  reaction. 

Melanic  Acid  (  O^^S,  O^)  is  produced  when  the  crys- 
tals of  saiieylide  of  potassium  are  exposed  in  a  moist 
state  to  the  air.  They  first  turn  green  and  then  black, 
!ind  alcohol  cvtiacts  ffom  them  melanic  acid. 

CltTNAMYtG. 

The  essential  oil  of  cinnamon  is  snpposed  to  be  the 
nydridc  of  a  compound  radical,  Gin?ia,rnyle. 

The  CinnawA/le  Groitp. 

Cinnamyle,  Ci,B,0 =  Ci 

Hydride  of  Cinnamyle  (Oil  of  Ciunsmon) —  CiH 

Oxide  of  "  (Cinnamic  Acid) =  CiO 

CMoridoof        "  ^acl 

Etc.  Etc. 

Wliat  is  oil  of  wintergivjen ?  How  is  elilorosamido  produced? 
Describe  the  production  of  saiieylide  of  potassiam.  How  is  melaniu 
aeid  mndo?    Describe  the  cinnamyle  group. 


Hc^i^db,  Google 


THE  CINNAMYLE  GKOUP.  439 

'6  of  Ginrmmyle  (  Oil  of  Cinnamon)  is  obtain- 

i  by  infusing  cinnamon  in  a  solution  of  salt  and  then 

distilling  the  whole.    It  is  heavier  than  watoi",  and  may 

be  separated  from  that  liquid  by  contact  with  chloride 

of  caloiam. 

Cinnamic  Aeid  is  formed  when  oil  of  cinnamon  is 
exposed  to  oxygen,  the  oil  becoming  a  white  crystalline 
mass — bydrated  cinnamic  acid.  It  may  also  be  made 
by  dissolving  the  oil  of  Balaam  of  Tolu  in  an  alcoholic 
solution  of  potassa,  evaporating  to  diyness,  dissolving 
in  hot  water,  and  adding  to  the  oinnamate  of  potassa  an 
excess  of  hydrochloric  acid.  It  melt^  at  248°,  and  boils 
at  560°.  It  is  soluble  in  boiling  water  and  alcohol ;  is 
decomposed  by  nitric  acid  into  oil  of  bitter  almonds  and 
benzoic  acid. 

CMoTOCinnose  {C^^H^CliO^  arises  from  oil  of  cinna- 
mon by  the  substitution  ef  four  atoms  of  chlorine  for 
four  of  hydrogen,  and  is  made  by  the  action  of  chlorine 
on  oil  of  cinnamon  by  the  aid  of  heat.  It  crystallizes 
from  its  alcoholic  solution  in  colorless  needles. 

Cinnamole  { 6',e^J,  which  bears  the  same  relation  to 
cinnamic  acid  that  oenzolo  does  to  benzoic  acid,  is 
formed  when  cinnamic  acid  is  distilled  with  baryta.  It 
'o  with  Styrok. 


LECTURE  LXXX. 

TlIK    NiTEOGENIZED   PRINCIPLES.  —  AjOIONIA.    and  ttS 

SaUs. — Cyanogen. — Hydfrocyanio  Acid. — Amygda- 
line. — Cyanide  of  Potassiu7n.  —  Cyanic,  Mdminio, 
and  Cyanwia  Acids. 

Ammonia. — I  have  already  described  in  Lecture  LVT. 
the  compounds  of  hydrogen  and  nitrogen,  under  the 
names  of  amidogen,  ammonia,  and  ammoniiim,  and  have 
also  shown  the  relation  there  is  between  the  salts  of 
potassa  and  soda  and  those  of  the  oxide  of  ammonium. 
This  compound  metal  is  a  hypothetical  body ;  its  exist- 
How  is  oil  of  cinnamon  procured?  What  is  cinnHmic  acid? 
State  its  properties.  Hoiv  aro  chlorocinnose  and  cinnamole  made? 
What  componnds  of  nilrogen  and  hydrogen  aro  there  ?  How  maj' 
tw!  produced  ? 
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ence  may,  however,  be  illustratecl  by  passing  a  Voltaic 
ciiiTent  throagh  a  globule  of  mercury  in  contact  witli 
moist  chloride  of  ammonium,  or  by  putting  an  amalgam 
of  mercury  and  potaaaium  in  a  strong  solution  of  that 
salt.  The  merenry  rapidly  increases  in  volume,  retain- 
ing its  metallic  aspect,  becomes  of  the  consistency  of 
butter,  with  a  very  trivial  increase  of  weight,  the  result- 
ing substance  being  Ammoniaeal  Amalgam.  All  al- 
tempta  to  insulate  ammonium  from  it  have  failed. 

The  most  important  salts  of  ammonia  are  the  follow- 
ing: 

Chloride  of  Ammonium — Sal  Ammoniac — was  for- 
merly brought  from  Egypt,  but  is  mow  wade  from  the 
ammoniaeal  liquors  resulting  from  the  destrnotive  dis- 
tillation of  animal  matters,  coal,  etc.  It  is  soluble  in 
an  equal  weight  of  boiling  water,  crystallizes  In  cubes 
or  octahedrons,  and  sublimes  below  a  red  heat  un- 
changed. It  is  decomposed  by  lime  and  potassa,  dnd  is 
formed  when  the  vapors  of  ammonia  mingle  with  those 
of  hydrochloric  acid.  It  is  much  used  for  tinning  met- 
als m  soldering. 

JVitrate  0/ Ammonia  is  formed  by  neutralidng  nitric 
acid  with  ammonia.  It  is  deliquescent,  and  therefore 
very  soluble  in  water.  At  22°  it  fuses,  at  356°  boils,  at 
400°  is  resolved  into  protoxide  of  nitrogen  and  water, 
at  600°  decomposes  with  slight  explosion. 

Carbonates  of  Ammonia. — The  neutral  carbonate 
only  exists  in  conrbination.  With  the  caibonate  of  wa- 
ter it  unites,  forming  Jiicarhonate  of  Ammonia,  which 
may  be  prepared  by  washing  the  commercial  iSesmti- 
carbonate  with  water  or  alcohol,  which  leaves  it  undis- 
solved. The  carbonate  of  ammonia  of  commerce,  Salt 
ofJIartshom,  is  prepared  by  sublimation  from  a  mix- 
tare  of  sal  ammoniac  and  chalk.  Its  constitution  is 
not  uniform,  though  it  is  commonly  regarded  as  a  ses- 
quicarbonate  {^I^B^,  8  COj,  2irO). 

Su^hate  of  Ammonia  may  be  made  by  neutralizing 
sulphuric  acid  with  carbonate  of  ammonia.  It  is  solu- 
ble in  twice  its  weight  of  cold  water,  and  crystallizes  in 
six-aided  prisms. 

Can  ammoninm  be  isolated  ?    What  nra  the  sources  of  enl  timniD- 
niac?    What  change  ocenrs  in  nitrafe  <  ' 
scribe  the  cnrbonates  of  a 
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Ily^osiJpkate  of  Am7w>nia — Sulphide  of  Anvmo- 
nium — is  made  by  passing  sulphui'eted  hydrogen  into 
water  of  ammonia  until  no  nioi-e  is  absorbed.  Though 
colorless  at  first,  it  absorbs  oxygen,  and  sulphur  being 
liberated,  it  turns  yellow.  It  is  of  considerabio  use  as 
a  test  for  metals. 

Cyanogen — Bicarhuret  of  Nitrogen  {C'^N). — The 
mode  of  preparing  this  remarkable  body,  and  also  its 
leading  properties,  have  been  described  in  Lecture  LVI. 
It  is  of  great  interest  in  organic  chemistry,  as  being  the 
first  distinctly-established  compound  radical,  and  the 
beat  representative  of  the  electro-negative  class  of  fhose 
bodies. 

We  may  call  to  mind  that  it  is  easily  mado  by  the 
decomposition  of  cyanide  of  mercury  at  a  low  red  beat, 
13  a  oondensible  gaseous  body,  soluble  in  water,  and. 
therefore  must  be  collected  over  mercury.  It  is  com- 
bustible, and  bums  with  a  pnrplo  flame. 
The  Gyanog&i  Group 
Cyanogen   C  N  Off 

Hydrocjinic  Aoid  Q/H 

Cyanic  Acid  '^C 

Piilmmic  Acid  A'lOj 

Cyanunc  Acid  C'vaO, 

Etc  Etc 

Paracyanoffen  {G^N'2). — When  the  cyanide  of  mer- 
cury is  decomposed  m  the  process  for  preparing  cyano- 
gen, a  brownish  substance  is  set  free,  which  is  paracy- 
anogen.  It  is  insoluble  in  water  and  alcohol,  and  is  pol- 
ymeric with  cyanogen, 

Hydrocyards  Acid — Prusaio  Acid —  Cyanide  of  Hy- 
drogen — may  be  obtained  in  a  state  of  purity  by  pass- 
ing diy  sulphureted  hydrogen  over  dry  cyanide  of  mer- 
cury in  a  tnbe,  and  conducting  the  vapor  which  is 
evolved  when  the  tube  is  warmed  into  a  vial  immersed 
in  a  freezing  mixture.  The  result  of  the  decomposition 
is  sulphide  of  mercuiy  and  hydrocyanic  acid.  In  a 
state  of  aqueous  solution,  it  is  best  obtained  by  the  ac- 
tion of  dilute  sulphuric  acid  on  ferrocyanide  of  potaasi- 

How  is  liydf  oanlpliate  of  ammonia  made  ?  Wliat  is  the  composi- 
tion of  cyanogen?  Wliy  iait  of  interest?  Name  some  memlierB  of 
the  cyanogen  sTonp.  What  isparaoyanogon?  Hoivialiydrocyanic 
acid  made?    Give  another  method. 
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iim  in  a  retort,  and  receiving  the  vapor  in  a  Liebig'a 
eondonser.  Having  ascertained  tlie  strength  of  the 
product,  it  may  then  be  diluted  to  the  proper  point. 
This  examination  may  be  conducted  by  precipitating  a 
known  weight  of  the  acid  with  nitrate  of  silver  in  ex- 
cess, collecting  the  cyanide  of  silver  on  a  weighed  fil- 
ter, washing,  drying,  and  reweighing,  which  gives  the 
weight  of  the  cyanide.  This,  divided  by  five,  ia  the 
weight  of  the  pure  hydrocyanic  acid  nearly. 

.^ahydrous  hydrocyanic  acid  is  a  colorless  and  very 
volatile  liquid,  which  exhales  a  strong  odor  of  peach- 
blooms  ;  specific  gravity  .696 ;  boils  at  80°,  congeals  at 
4^^.  It  niixea  with  -water  and  aloohol  in  any  proportion. 
A  drop  of  it  held  in  the  air  on  a  glass  rod  becomes  so- 
lidified by  the  rapid  evaporation  from  its  surface.  In 
the  sunlight  it  decomposes  rapidly,  producing  a  dark- 
colored  substance ;  the  same  change  goes  on,  though 
more  slowly,  in  the  dark.  It  is  one  of  the  most  insidi- 
ous and  terrible  poisons,  a  few  drops  producing  death 
in  a  few  seconds ;  and  its  vapor,  even  largely  diluted 
with  air,  brings  on  very  unpleasant  symptoms.  Under 
the  action  of  strong  acids  it  is  decomposed  into  ammo- 
nia and  formic  aoid,  the  change  being  veiy  simple  r 

Under  such  circumstances,  hydrocyanic  acid  yields 
chloride  of  ammonium  and  hydrated  formic  acid.  Hy- 
drocyanic acid  may  to  a  certain  extent  be  preserved 
from  spontaneous  change  by  the  presence  of  a  minute 
quantity  of  any  mineral  acid, 

Prussic  acid  may  be  detected  by  its  smell,  and  by 
yielding  a  precipitate  of  Prussian  blue  when  acted  upon 
in  solution  successively  by  sulphate  of  iron,  potnssa,  and 
an  excess  of  hydrochloric  acid.  The  liquid  m  which  the 
poison  is  suspected  to  exist  should  be  acidulated  with 
sulphuric  acid  and  distilled :  the  hydrocyanic  acid  will 
be  found  in  the  first  portions  which  come  over. 

Amygdaline  ( 0^^^-,  O^N"),  a  crystallizable  substance 
found  in  bitter  almonds,  the  leavra  and  berries  of  the 
cherry  laurel,  and  the  kernels  of  peaches,  etc.,  is  of  con- 
siderable interest  in  connection  M'ith  hydrocyanic  acid, 

Wlint  are  the  properties  of  hydrocranie  acidp  'WhatetFect  lias  it. 
on  animals?  How  mny  prussic  acid  be  deWetcd?  What.  ai*o  the 
eontces  ofamygdaline? 
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organic  bodies  yield,  when  distilled 
with  water,  tliat  substance.  The  change  consists  iu  the 
action  of  water  upon  amygdaline  by  the  aid  of  an  aao- 
tized  ferment  called  Synaptase  or  Mnulsine,  which  con- 
stitntea  the  larger  portion  of  the  pnlp  of  almonds ;  the 
bitter  almond  oil  at  the  same  time  makes  its  appearance. 
Amygdaline  may  be  extracted  from  the  paste  of  bitter 
almonds  when  the  iixed  oil  has  been  expressed  by  the 
aid  of  boiiing  alcohol.  The  alcohol  being  subsequently 
distilled  off,  the  sugar  contained  iu  the  eirnpy  residue  is 
deati'oyed  by  fermentation  with  yeast.  The  liquid,  be- 
ing evaporated  again  to  a  sirup,  is  mixed  with  alcohol, 
wnicb  precipitates  the  amygdaline  as  a  ivhite  crystalline 
powder,  purified  by  being  redissolved  in  alcohol  and  leil 
to  cool.  It  is  soluble  in  hot  and  cold  water,  but  sparing- 
ly soluble  in  cold  alcohol.  A  weak  solution  of  it  in  wa- 
ter, under  the  influence  of  a  email  quantity  of  an  emul- 
sion of  sweet  almonds,  yields  at  once  oil  of  bitter  al- 
monds and  hydrocyanic  acid ;  sugar  and  formic  acid  are 
also  produced.  When  amygdaline  is  boiled  with  an  al- 
kali it  gives  rise  to  Amygdalic  Aci^,  which  forms  a  salt 
with  the  alkali,  and  ammonia  is  evolved. 

Cyanide  of  Potassium  may  be  formed  by  the  dii'ect 
union  of  cyanogen  and  potassium,  or  by  the  ignition  of 
the  feiTocyanide  of  potassium  in  a  close  vessel.  For 
common  purposes  in  the  arts  it  may  be  formed  in  a  state 
somewhat  impure  by  mixing  eight  parts  of  ferroeyanide 
of  potassium,  rendered  anhydrous  by  heat,  with  three 
parts  of  carbonate  of  potassa,  also  dry,  and  fusing  the 
mixture  in  a  crucible,  stirring  it  until  the  fluid  part  of 
the  mass  is  colorless.  The  sediment  of  iron,  etc.,  is  al- 
lowed to  settle  and  the  clear  liquid  poured  off:  it  is  the 
substance  in  question,  mixed  with  cyanate  of  potassa. 
^K^FeCy':,+^KO,  CO^  =  b{KCy)-\-KO,  CyO+Fe^ 

The  formation  of  the  cyanate  maybe  prevented  by  add- 
ing to  the  mixture,  betbre  fusing,  one  eighth  its  weight 
of  powdered  charcoal;  the  fused  mass  may  then  be  di- 
gested in  boiling  alcohol,  from  which  the  cyanide  ciys- 
tallizea  on  cooling. 

Cyanide  of  potassium  is  very  soluble  in  water,  yields 
■e  the  properties  of 
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colorless  octabeflral  crystals  which  dellqneece  in  tlie  air, 
melts  without  change  at  a  red  heat,  and  exhales  the 
odor  of  pruBsic  acid.  It  is  very  poisonous,  and  is  use- 
ful as  a  reducing  agent  in  mineral  analysis,  and  as  a  sol- 
vent for  bromide  and  iodide  of  silver  in  photographic 
operations. 

Cyanide  of  Mercwi-y  may  be  made  by  dissolving  red 
oxide  of  mercury  in  hydrocyanic  acid,  or  by  the  action 
of  a  solution  of  ferroeyanide  of  potassium  on  persulphate 
of  mercury,  the  cyanide  crystailiang  from  the  filtered 
hot  solution.  It  forms  fine  prismatic  crystals,  soluble  in 
eight  parts  of  water  at  60°,  and  sparingly  soluble  in  al- 
cohol. It  is  poisonous,  and,  when  decomposed  at  a  low 
red  heat,  yields  cyanogen  gas. 

Cyanic  Acid  {CyO-\-HO)  is  procured  by  heating  in 
an  air-tight  retort  cyanurio  acid  deprived  of  its  water 
of  crystallization.  A  colorless  liquid  comes  over  into 
tie  receiver ;  it  is  hydrated  cyanic  acid,  and  has  a  strong 
odor  like  acetic  acid;  is  intensely  corrosive,  and  produces 
blisters  on  the  skin.  It  is  decomposed  by  contact  with 
water,  carbonic  acid  being  evolved ;  carbonate  and  cy- 
anate  of  ammonia  are  formed,  and,  by  evaporation,  crys- 
tals of  urea  may  be  obtained.  Cyanic  acid  is  a  very  un- 
stable body,  sppntaneously  changing  in  a  short  time  into 
Cyamdide,  a  body  of  the  same  constitution,  but  a  white 
opaque  solid,  insoluble  in  water  and  alcohol,  and  decom- 
posed by  hot  oil  of  vitriol  into  sulphate  of  ammonia, 
while  earbonio  acid  escapes. 

Mdminic  Acid  ( Cy^  0^  has  not  yet  been  isolated,  but 
some  of  its  salts,  presently  to  be  described,  are  charac- 
terized by  the  violence  with  which  they  detonate  under 
very  trivial  disturbances.    It  is  a  bibasic  acid. 

vyanwrio  Add  {Gy^O^+SJIO)  may  be  made  by 
heating  urea,  which  disengages  ammonia;  the  residue 
is  dissolved  in  hot  sulphuric  acid,  and  nitric  acid  added 
until  the  liquid  becomes  colorless;  on  mixing  it  with 
water  and  allowing  it  to  cool,  the  cyanuric  acid  sepa- 
rates.    Its  crystals  are  efflorescent ;  it  is  sparingly  solu- 

What  substances  result  from  the  decomposition?  What  nse  is 
made  of  cyanide  of  potassium  ?  How  is  cyanide  of  mercury  made  ? 
Give  the  process  for  procuring  cyanic  acid.  What  is  tlie  cha.raclfir- 
istic  of  the  fulminates  ?  How  is  cyanuric  acid  made  7  What  are  its 
properties? 
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ble  ill  water,  and  is  a  tribasic  acid ;  and,  as  bas  already 
been  stated,  at  a  i-ed  lieat  may  be  distilled,  yielding  cy- 
anic acid  without  aay  other  product. 


LECTURE  LXXXI. 

Bodies  ailied  to  Cyanogen. — Salts  of  the  Oxyeyano- 

gen  Acids. — Feeeoctanogen. — Pntssiate  cf  Potas- 

so. — Prussian  Mue. — Febmcyanoges. — Mrrwyan- 

ide  of  Potassium. — Cobaltocyanogen. — Sulphocy- 

anogbh. — BuJphoeyanide  of  Potassium. — Mela/m. 

Ctanate  of  Potassa  {KO.,  CyO)  may  be  prepared 

by  oxidizing  cyanide  of  potassium  by  oxide  of  lead  in 

an  earthen  crucible.    The  result,  boiled  with  alcohol, 

yields,  on  cooling,  crystals  of  oyanate  of  potassa  in  thin 

transparent  plates,  which  undei'go  no  change  in  dry  air, 

but  with  moisture  become  converted  into  bicarbonate 

of  potasBEi  and  ammonia. 

VyanaCe  of  Ammonia — Urea  (CjJS^Tfj'^a)' — "^^^  ^^' 
por  of  hydrated  cyanic  acid,  mixed  with  ammoniacal 
gas,  yields  cyanate  of  ammonia.  The  solation  in  wa- 
ter, when  heated,  gives  off  ammonia,  and  the  cyanate 
changes  into  Urea,  from  which  caustic  "alkalies  can  not 
disengage  ammonia.  Urea  may  also  be  made  from  the 
action  of  sulphate  of  ammonia  on  oyanate  of  potassa. 

Mihninate  of  Silver  (2^(?  0,  C^-A^  O^)  ia  made  by 
dissolving  silver  in  warm  nitric  acid,  and  adding  alco- 
hol. It  separates  from  the  hot  liquid  as  a  white  pow- 
der, which,  being  washed  in  water,  is  dried  in  small 
fortions,  at  a  temperature  of  100°,  on  filtering  paper. 
E  detonates  with  wonderful  violence  when  either  struck 
or  rubbed.  It  is  sparingly  solnble  in  hot  water,  and 
crystallizes  from  that  solution  on  cooling.  It  yields,  by 
digestion  with  water  and  metals,  salts,  as  those  of  zinc 
and  copper. 

Milminate  of  Mercery  {iHgO,  G^N^O^^  is  prepared 
in  the  same  manner  as  the  foregoing,  and,  like  it,  is  very 
explosive.  It  is  used  for  making  percussion  caps.  Tlie 
How  is  oyanate  of  potassa  made  ?  What  is  the  relation,  between 
cjaoate  of  ammonia  and  urea  ?  How  is  f  ulminato  of  silver  made  ? 
What  peculiarities  \tm  it?    What  ase  is  made  of  the  fulminate  of 
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gases  evolved  by  its  explosion  are  carbonic  acid,  nitro- 
gen, and  the  vapor  of  mercury. 

Chloride  of  Cyanogen  {CyCl)  is  prepared  by  the  ac- 
tion of  chloiiue  on  moist  cyanide  of  mercury  in  the 
dark.  It  is  a  colorless  gas,  soluble  in  water,  specific 
gravity  1.1244,  congeals  at  0°,  boils  at  11°,  condenses 
into  a  liquid  under  a  pressure  of  four  atmospheres.  A 
liquid  compound,  Cy^Cl^,  is  obtained  from  the  same 
Bubstances  under  the  action  of  sunlight;  it  ia  a  heavy, 
yellow,  oily  liquid,  insoluble  in  water,  but  soluble  in  al- 
cohol. The  sofic/ chloride  is  procured  by  adding  hydro- 
cyanic acid  to  dry  chlorine,  and  exposing  to  the  sun- 
shine.    These  compounds  are  deadly  poisons. 

Fereocyahogen. 

Fearocyanogm  ( Cg-^a^  =  Qfy_  o^'  ^cy )  is  a  com- 
pound radical,  in  which  iron  ia  an  important  constituent. 

Ilydroferrocyania  Acid  (  Cfy,  H^  may  be  obtained 
by  decomposing  the  insoluble  ferrooyanide  of  lead  by 
flulphnreted  hydrogen  while  suspended  in  water.  The 
eolation,  being  filtered,  is  to  be  evaporated  with  sulphu- 
ric acid  in  vacuo  until  the  acid  is  left  solid.  It  may  also 
be  prepared  by  dissolving  tartaric  acid  in  alcohol,  and 
pouring  it  into  an  aqueous  solution  of  ferrooyanide  of 
potassium,  the  acid  separating  on  evaporation  in  small 
crystals.  Another  method  consists  in  adding  hydro- 
chloric acid  to  a  strong  solution  of  ferrocyanide  of  po- 
tassium, and  then  mixing  it  with  ether,  which  precipi- 
tates the  add.  It  is  soluble  in  water,  to  which  it  gives 
a  powerful  acid  reaction.  It  decomposes  the  all^lino 
carbonates  with  effervescence,  forming  ferrocyanides  of 
their  bases ;  is  inodorous,  and  not  poisonous ;  is  perma- 
nent in  the  dry  state,  but,  moistened  and  exposed  to  air, 
forms  Prussian  blue. 

■  J^krrocyanide  of  Potassium  —  Peussicite  of  Potassa 
{IK,  €fj/-i-SSO). — This  salt  is  made  on  the  large  scale 
by  igniting  carbonate  of  potassa,  iron  filings,  and  ani- 
mal matter  in  an  iron  vessel.  The  mass  is  then  acted 
on  by  hot  water,  dissolving  out  a  large  quantity  of  cy- 

Wliat  are  the  properties  of  chloride  of  eyanogen  ?  What  is  the 
composition  of  ferrocyanogen ?  How  may  hydi'ofeirocyanic  aciil  bo 
made  ?  What  chunge  occnrs  in  it  when  exposed  to  air  ?  Give  the 
process  for  making  prnseiatc  of  potassn. 
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anide  of  potassium,  whioh  ia  converted  into  the  ferrocy- 
anide  by  the  iron.  The  filtered  solution,  on  cooling, 
yields  lemon-yellow  crystals,  soluble  in  four  parts  of 
cold  fl-ater.  It  is  not  poisooous.  At  a  red  heat  it  de- 
composes, cyanide  of  potassium  forming.  It  is  a  valua- 
ble reagent,  forming  insolubie  precipitates  in  many  me- 
tallic solutions:  vihite  with  the  salts  of  manganese,  zinc, 
tin,  cadmium,  lead,  bismuth,  antimony,  protosalts  of 
iron,  mercury,  and  silver ;  yetlowish-green  with  those  of 
cobalt;  reddisMroiDn  with  those  of  copper  and  urani- 
um ;  Mice  with  the  persalts  of  iron ;  pea-green  with  the 
salts  of  nickel. 

Common  Prussian  Blue  (SCfp+iM)  is  prepared 
by  precipitating  a  persalt  of  iron  by  solution  of  ferro- 
cyaoide  of  potassium.  When  dry,  it  is  of  a  deep  blue 
color,  with  a  lostre  of  coppery-red.  It  is  insoluble  in 
water ;  is  decomposed  by  alkalino  solutions,  which  yield 
alkaline  ferrooyanide,  and  precipitate  oxide  of  iron.  It 
is  soluble  in  solution  of  osalio  acid,  and  then  constitutes 
the  basis  of  blue  writing  inks.  It  is  also  much  em- 
ployed as  a  paint. 

Basic  Prussian  Blue  {^Cfr/,  iM+^O^)  is  formed 
when  the  white  precipitate  yielded  by  a  protosalt  of 
iron  with  ferrooyanide  of  potassium  is  exposed  to  the 
air.  As  its  formula  shows,  it  is  common  Prussian  blue 
with  peroxide  of  iron.  It  differs  from  Prussian  blue  in 
the  remarkable  peculiarity  that  it  is  soluble  in  water. 

Feeeictanogex. 

Ferrieyanogen — Perridcyanogen  ( CijiV^Kj=  Cfdy, 
or  Fdoy) — ia  a  hypothetical  compound  radical,  which 
yields  some  compounds  of  interest. 

Ferrieyanide  of  Potassium  (3Jr-|-  Gfdy)  may  be 
made  by  passing  chlorine  througli  a  dilute  solution  of 
ferrooyanide  of  potassium  until  it  ceases  to  yield  a  pre- 
cipitate with  a  persalt  of  iron.  The  liqnid,  being  con- 
centrated, produces,  on  cooling,  deep  red  crystals,  the 
solution  of  which  is  of  a  greenish  color.  It  gives  no 
precipitate  with  peroxide  of  iron,  bnt  with  the  proto- 
salts a  bright  bine,  lighter  than  Pmssian  blue,  and 
known  as  Tm-nbull's  blue. 

What  ai'e  the  properties  of  pnissiate  of  potassa?  Wlint  precipi- 
tates does  it  yield?  How  is  Prnssian  blue  made?  What  is  bnsic 
PriisRinn  blue?     How  is  ferrieyanide  of  pottiiiBiiim  miwle  ? 


Hc^i^db,  Google 


448  SULPHOCYANOGEN. 

CoBALTOCTANOGEN  {Gy^Co^—Clty)  is  analogous  to 
ferricj'anogcn  in  composition,  and,  like  it,  is  tribasic, 

SutPHOCYANOGBN  [G^NS^^  Csy)  is  obtained  by  sat- 
Tiratjng  a  concentrated  solution  of  sulpho cyanide  of  po- 
taesinm  with  chlorine,  as  well  as  by  boiling  a  soluble 
metallic  sulphocyanide  in  diluted  nitric  acid.  It  falls  in 
the  form  of  a  yellow  precipitate,  which  preserves  its 
color  when  dry ;  is  insolable  in  water,  alcohol,  and  ethev, 
but  soluble  in  hyposulphuric  acid. 

SttlphoGyanic  AciS—Sydromlphocyanie  Add  {Cy 
i%H) — may  be  obtained  by  decomposing  sulphocya- 
nide of  lead  by  dilute  sulphuric  acid,  taking  care  to 
leave  exopsa  of  the  salt  of  lead,  which  may  afterward 
be  removed  by  snlphitreted  hydrogen.  It  is  also  form- 
ed when  sulphocyanide  of  lead  or  silver  is  decomposed 
by  sulphureted  hydrogen.  The  bydrated  acid  is  color- 
less, decomposed  by  exposure  to  iur  or  heat,  yields 
with  the  peroxide  of  iron  a  blood-red  color,  and  exists 
in  the  saliva  of  man  and  the  sheep. 

Sulphocyanide  of  Potassmm  \KCsy)  may  be  made 
by  heating  powdered  feiTocyanide  of  potassium  with 
half  its  weight  of  sulphur  and  one  third  of  carbonate 
of  potassa,  and  keeping  it  melted  for  a  short  time. 
The  mass  is  then  boiled  with  water,  which  dissolves  oat 
the  8Hlphocyanide,3ndtheBohition,beinjT  concentrated, 
yields  prismatic  crystals  of  the  salt.  It  is  soluble  in 
water  and  alcohol,  and  deliquesces  in  the  air;  melts  at 
a  red  heat;  its  solution  with  peroside  of  iron  gives  a 
blood-red  color. 

Mdaan  (Cia^iVu)  ia  produced  when  sulphocyanide 
of  ammonium  is  distilled  at  a  high  temperature,  or  by 
heating  diy  sulphocyanide  of  potassium  ivith  twice  its 
weight  of  sal  ammoniac.  It  is  insoluble  in  water,  but 
dissolves  in  strong  sulphuric  acid.  When  heated,  it 
yields  mellone  and  ammonia, 

Mekfrnim  {C^H^N^,  Amimlin  {C^Nf,II^O^),  and 
Ammdid  ( f 'i^Wg^  (?«)  are  prodncts  of  the  decomposi- 
tion of  melam. 

What  precipLtatea  does  feriicynnide  of  potassmm  yield?  How  is 
EnlphocvniK^ii  made*  Describe  the  production  of  sulphocyanie 
acid.  What  precipitate  does  sulphocyanide  of  potassium  yield? 
When  does  melam  anse?  What  products  arise  from  the  dacoinpo- 
sitian  of  melam  ? 
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LECTURE  LXXSII, 


Mellone. — Ueea. — Mdlone.  —  Mellonides  of  Hydro- 
gen and  Potassium. — JSTatwal  and  Artificial  Forma- 
tion of  Vrea.-^  XJrie  Add. — Its  Derivatives. — Mu- 
rexide. — ^antMc  and  Cystic  Oxides. 
Mellone  {OeN'^=Me). — If  Bnlphooyanide  of  potas- 
eiuoi  be  acted  upon  by  chlorinG  or  nitric  aeid,  a  yellow 
powder  is  deposited.     This,  when  heated,  gives  off  bi- 
snlpMde  of  carbon  and  sulphnv,  and  tbere  is  left  d  yel- 
lowish powder,  which  is  luellone.    The  relation  of  its 
constitution  with  cyanogen  is  obvious.    It  resists  a 
moderate  heat  without  change,  and  combines  directly 
with  nietals  to  form  MeUonides. 

Jlydromellonic  Acid  (MelT^).  —  By  adding  hydro- 
chloric acid  to  a  hot  solution  of  mellonide  of  potassium, 
this  acid  separates  as  a  white  powder  on  cooling.  It  is 
partly  soluble  in  hot  water,  and  possesses  strong  acid 
powers.. 

MeUonide  of  Potassium  {MeK^  may  be  prepared 
by  melting  ferrocyanide  of  potassium  with  half  its 
weight  of  sulphu)',  and  adding,  when  the  fusion  is  com- 
plete, five  per  cent,  of  dry  carbonate  of  potassa.  The 
resulting  mass  is  acted  on  by  water,  and  the  solution, 
being  filtered,  is  evaporated  until,  on  cooling,  it  forms 
a  mass  of  ei-ystals,  from  which  the  sulphocyanide  may 
be  removed  by  alcohol,  and  the  mellonide  left.  It  is 
soluble  in  water,  and  yields,  by  double  decomposition 
with  the  salts  of  baryta,  lime,  etc.,  mellonides  of  these 
bodies,  for  the  most  part  sparingly  soluble. 

Urea  (fa-HiOg-^)  may  be  obtained  from  urine  by 
adding  to  it,  when  concentrated,  a  strong  solution  of 
osalio  acid.  The  precipitated  oxaJate  of  urea  is  to  be 
boiled  with  powdered  chalk,  and  the  filtered  solution 
concentrated  until  the  urea  crystallizes  on  pooling.  It 
may  also  be  made  artificially  by  adding  to  a  strong  so- 
lution of  cyanate  of  potassa  an  equal  weight  of  dry  snl- 
What  relation  cloea  mellone  banr  to  cjanogen?  How  is  hydro- 
raelionic  acid  mude?  How  is  mellonide  of  potaesinm  prepaved? 
Haw  is  urea  obtained  from  ni'ine?   Haw  may  it  be  mode  artificial!}'? 
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piiato  of  ammonia ;  the  solution  is  evaporated  to  dry- 
iieas  in  a  water-bath,  and  the  urea  dissolved  out  by  al- 
cohol. It  crystallizes  iu  pi'iems,  very  soluble  in  water, 
but  permanent  in  the  air.  At  a  high  temperature  it 
gives  off  ammonia  and  oyanate  of  ammonia,  oyanuric 
acid  remaining.  Urea  contains  the  elements  of  cyanate 
of  oxide  of  araraoninra,  !ias  neither  an  acid  nor  alkaline 
reaction,  is  decomposed  by  hot  alkaline  solutions  with 
evolution  of  aaimonia,  and  by  uniting  with  two  atoms 
of  water  yields  carbonate  of  aminonia,  a  result  which 
takes  place  during  the  putrefaction  of  mine,  the  change 
being  bronght  on  by  a  nitrogenized  ferment — the  ma- 
eus  of  the  bladder.  Urea  unites  with  acida,  and  forma, 
with  nitric  and  oxalic  acids,  characteristic  salts.  Ac- 
cording to  Dr.  J,  C.  Drajier,  it  arises  principally  from 
the  excess  of  nitrogenizod  matter  taken  into  the  sys- 
tem. 

Vrie  Acid — lAthic  Acid  {C^a^^N'^O^ — may  be  ob- 
tained from  the  solid  nrine  of  serpents,  whieli,  being 
boiled  in  solution  of  caustic  potassa  and  Altered,  yields 
urio  acid  by  the  addition  of  hydrochloric  acid,  as  a 
white,  inodorous,  and  sparingly  soluble  powder,  soluble 
without  change  in  sulphurio  acid,  from  which  it  is  pre- 
cipitated by  water.  Uric  acid  also  exiatB  in  human 
urine,  and  appears  to  be  always  a  product  of  the  action 
of  the  animal  economy.  It  may  be  precipitated  by  add- 
ing hydrochloric  acid,  and  allowing  the  urine  to  stand 
twentj'-fonr  houi-s.  Of  its  salts  the  urate  of  soda  is  in- 
terestiug;  it  is  the  chief  ingredient  of  gouty  concretions 
in  the  joints,  called  chalk-stones.  The  urate  of  ammonia 
occurs  as  a  urinary  calculus,  and  is  often  deposited  from 
urine  as  a  reddish  cleud  or  powder.  Guano,  the  excre- 
ment of  aquatic  birds,  cont^ns  a  large  proportion  of 
uric  acid. 

ASantoin  (O^SsN'^Os)  is  prepared  by  boiling  nric 
acid  with  peroxide  of  lead ;  the  filtered  solution,  being 
concentrated,  deposits  prismatic  crystals  of  aJlantoin  on 
cooling.  It  is  soluble  m  160  parts  of  cold  water.  By 
a  solution  of  caustic  alkali  it  is  decomposed  into  ammo- 
nia and  oxalic  acid,  assuming  during  this  change  the 
elements  of  three  atoms  of  water. 
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Alloxan  {G^HiN'^Oi^  is  made  by  the  action  of  con- 
centrated nitric  acid  on  urie  acid  in  tbe  cold,  Tlie  uric 
acid  is  to  be  added  in  small  portions  successively  until 
about  one  third  the  weight  of  the  nitric  acid  has  been 
used.  An  effervescence  takes  place,  nitrogen  and  car- 
bonic acid  are  evolved,  and  there  is  left  a  white  mass, 
from  which  the  excess  of  acid  is  to  be  drained.  The 
substance  is  then  to  be  dissolved  in  hot  water  and  crys- 
tallized. Its  solution  has  an  acid  reaction  and  a  bitter 
taste,  and  stains  the  skin  purple,  and  with  a  protosalt 
of  iron  and  an  alkali  yields  a  characteristic  blue  com- 
pound. If  the  nitric  acid  be  very  dilute,  AUoxantin 
(CeffeiV^atJio)  arises. 

AUoxanic  Add  {C^HWO^-'rllO)  may  be  prepared 
by  decomposing  the  alloxanate  of  bai'yta  by  dilute  sul- 
phui'ic  acid.  The  alloxanate  itself  is  obtained  by  the 
addition  of  bai'ytic  water  to  a  warm  solution  of  alloxan. 
It  is  a  strong  acid,  decomposing  carbonates,  and  even 
water,  by  the  aid  of  zinc. 

Mesoxalie  Add  (C^O^-i-^JIO)  may  be  obtained  by 
boiling  a  solution  of  alloxan  with  acetate  of  lead,  the  re- 
sulting mesoxalate  of  lead  being  decomposed  by  sul- 
phnreted  hydrogen.  It  is  a  strong  acid,  resists  a  boil- 
ing heat,  and  is  bibasic. 

MyJcomelimc  Acid  {O^N'^S^O^  is  prepared  by  boil- 
ing a  solation  of  alloxan  with  an  excess  of  ammonia, 
and  then  prerapttating  by  an  excess  of  dilute  sulphuric 
acid.     It  is  a  ligfat  yellow  powder. 

Parahania  Add  ( Cgfl^  Og-A^)  is  formed  by  the  action 
of  strong  nitric  acid  on  alloxan  or  uric  acid  by  the  ^d 
of  heat..  The  crystals  form  on  cooling,  and  may  be  dried 
by  draining  and  then  recrystallized.  It  is  soluble  in 
water,  reddens  litmus,  and  foi-ms  beautiful  prismatic 


iricAdd  {G^HtO^N^  maybe  made  by  decom- 
posing a  hot  solution  of  the  oxalurate  of  ammonia  by 
dilute  sulphuric  acid  and  cooling  rapidly.  The  ammo- 
nia salt  is  itself  procured  by  boiling  a  solution  of  the 
parabonate  of  ammonia,  when  it  crystallizes,  on  cooling, 
in  small  needles.  Oxaluric  acid  is  a  white  crystalline 
powder.     It  contains  the  clement  of  one  atom  of  parn- 
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bonic  acid  and  three  of  water,  and  its  solution  by  boil- 
ing yields  oxalic  acid  and  oxalate  of  urea. 

Thionuric  Add  {C^H-iN^S^O-^^,  a  bibasic  acid,  pre- 
pared by  decomposing  thionarate  of  lead  "witli  snlphu- 
reted  hydrogen.  It  contains  the  elements  of  one  atom 
of  alloxan,  one  of  ammonia,  and  two  of  sulphurous  acid. 

Uramile  {C^H^O^N^^. — When  ao  excess  of  saturated 
solution  of  sulphurous  acid  in  water  is  mixed  with  a 
ooid  solution  ot  alloxan,  and  an  excess  of  carbonate  of 
ammonia  with  caustic  ammonia  added,  and  the  whole 
boiled,  the  thionurate  of  ammonia  is  deposited  on  cool- 
ing. From  this  the  lead  salt  used  in  the  preparation 
of  the  foregoing  acid  may  be  obtained  by.  acetate  of 
lead.  The  thionurate  of  ammonia,  with  a  little  hydro- 
chloric acid,  being  boiled  in  a  flask,  there  separates  a 
white  body,  which  is  rramile.  It  differs  from  thionuvie 
acid  in  not  containing  the  elements  of  two  atoms  of  sul- 
phuric acid.  K  the  thionurate  of  ammonia  is  mixed 
with  dilute  sulphnrio  acid  and  evaporated  in  a  water- 
bath,  Uramilic  Acid  ( Cje-^oA^  0^)  is  deposited. 

Mwexide — Fitrpurate  of  Ammonia — may  be  made 
by  the  action  of  dilute  nitric  acid  on  uric  acid,  and  then 
adding  ammonia;  or  by  boiling  equal  weights  of  ura- 
mile and  red  oxide  of  mercury  with  eighty  times  their 
weight  of  water  rendered  alkaline  by  ammonia.  The 
liquid  turns  of  a  deep  purple  color,  and,  when  filtered, 
deposits,  on  cooling,  ciystals  of  murexide  in  square 
prisms,  which  by  reflected  light  are  of  a  green  metallic 
lustre,  and  by  transmitted  light  of  a  purple.  It  is  spar, 
ingly  soluble  in  cold  water,  but  much  more  so  in  hot, 
and  is  one  of  the  most  splendid  colors  known.  It  is 
made  largely  from  guano,  to  be  used  as  a  dye  pigment. 

Murexan — Puvpuria  Add. — Murexide  is  to  be  dis- 
solved in  a  solution  of  caustic  potassa,  and  dilute  sul- 
phuric acid  added.  It  forms  a  yellow  powder,  and,  dis- 
solved in  ammonia,  gives  rise  to  the  foregoing  body. 

^anthie  Oxide  {Ct^^I^iO^  occurs  as  a  urinary  cal- 
culus of  a  brown  color  and  waxy  aspect.  The  calcu- 
lus may  be  dissolved  in  dilute  potassa,  and  xanthic  ox- 

Whai  is  the  composition  of  thionurio  acid  ?  How  is  iirsimile  pre- 
pared ?  How  does  it  differ  from  thionurio  ncid  ?  When  does  iim- 
rexide  nriae?  Whutia  its  composition?  Of  what  ynlueisic?  How 
is  xnnthic  oxide  mnde? 
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idc  precipitates  aa  a  white  powder  by  carbonic  acid.    It 
is  a  waxy  body. 

Cystic  Oxide  ( C^^iViSj  (3,)  occurs  also  as  a  urinary 
calculus.  It  is  remarkable  for  the  large  quantity  of  sul- 
phur it  coutaius. 


Mileic 

r„H,0,  +2H0 

Fumanc 

r,iio,  +  BO 

Tannii. 

c,sH^o,+aso 

Gallic 

CHO,   -\-2H0 

Ellagic 

C,H^O^ 

PjiogaUiL. 

LECTURE  LXXXni. 
The  Vegetaelb  Acids. — Tartaric  Ackl  and  its  Salts. 

— GUric  Acid. — Tannic  Acid. —  GaUic  Acid. — Byro- 

gaUic  Acid. — MetagaUic  Acid. 

Of  the  vegetable  acids,  several  will  be  described,  with 
their  associated  alkalies,  Tbe  following  are  treated  of 
ill  this  Lecture : 

Tarlai-ic t^HiO.o  +2H0 

Paratartaric.ftff.Oio  +2IIO 

PrrotartaricC^HjOs   +  HO 

Tartialic O.H^O.^  +3S0 

Tartrelio. C,HM,  +  HO 

CitriE <f,AOu+^SO 

AconiUc CjHOj     +  HO 

Malic C„H,0,    +2H0 

Besides  aeids  such  as  these,  v,  hich  constitute  a  very 
nuraerons  group,  there  is  another  class,  which  pass  un- 
der the  name  of  (7o?(pfe(?^c«(&,  thepecuhavityofwhieh 
is  that  they  consist  of  an  acid  affixed  or  coupled  to  an- 
other body,  which,  without  affecting  the  neutralizing 
power  of  the  acid,  accompanies  it  in  ali  its  combina- 
tions. Thus  hyposulphurio  acid  couples  with  naptha- 
liue  to  form  hypoaulphonapthalic  acid,  which  neutral- 
izes just  as  much  of  any  ba^e  as  hyposulphurio  acid 
could  do,  the  napthaline  not  changing  its  powers. 

Tartaric  Acid  (G^II^O^a+^^0).—A  bibasio  acid, 
which  occure,  as  has  already  been  stated,  in  the  juice 
of  grapes  and  other  fruits  as  bitartrato  of  potaasa.  It 
may  be  obtained  by  dissolving  cream  of  tartar  in  boil- 
ing water  and  adding  powdered  chalk,  a  tartrate  of  lime 
precipitating.  The  rest  of  the  tartaric  acid  may  be  ob- 
tained from  the  solution  by  the  addition  of  chloride  of 

How  is  cystic  oxide  made  7  Name  some  of  tlia  vegetable  aeirJa, 
and  give  their  imposition.  Wliat  are  coupled  acids?  GiTe  an  ex- 
nmple.     Describe  tartaric  acid. 
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calcium,  which  yields  another  portion  of  tartrate  of  lime, 
and  may  be  decomposed  by  digestiug  with  an  equiva- 
lent proportion  of  dilute  sulphuric  acid.  The  concen- 
trated and  filtered  solution  yields  crystals  acid  to  the 
taste,  inodorous,  and  soluble  both  in  water  and  alcohol. 
The  solution  decomposes  by  keeping.  Tartaric  acid 
gives  several  valuable  salts. 

Tar^aie  of  Potasso^SoUhU  Tartar  {2K0,  C^^  Oj^) 
— may  be  made  by  adding  carbonate  of  potassa  to  cream 
of  tartar.    It  is  very  soluble,  and  is  useful  as  an  aperient. 

JiUartrate  of  Potassa — Cream  of  Tartar  {MO,  SO, 
C^H^O^^ — is  the  salt  deposited  from  the  juice  of  the 
erape  during  fermentation  as  A.rgol.  It  may  be  puri- 
fied from  the  coloring  matter  it  contains  by  solution  in 
hot  water  and  the  action  of  animal  charcoal.  In  cold 
water  it  is  very  sparingly  soluble.  It  produces  black 
flux  when  ignited  in  a  close  vessel,  the  black  flux  being 
carbonate  of  potassa  enveloped  in  carbonaceous  matter. 

Tartrate  of  Potassa  and  SoUa — MocheUe  Salt — SaUs 
of  Seignette  {KO,miO,  G^ir^O^^+%MO)—j(i«y  h& 
procured  by  centralizing  a  solution  of  the  foregoing 
salt  with  carbonate  of  soda.  On  evaporation  and  cool- 
ing, it  separates  in  large  prismatic  crystals.  It  possess- 
es tbe  property  of  cansing  the  deposit  of  metalhc  silver 
on  glasa  from  solutions  of  the  ammoniacal  nitrate  of  sil- 
ver, and  has  been  much  used  by  the  author  in  the  mak- 
ing of  silvered  glass  specula  for  liis  reflecting  tele- 
scope at  Hastings. 

Tartrate  of  Antimony  and  Potassa — Tartar  Emetic 
(XOSJOg,  C'sffiOin-f-ffO).  — This  valnable  medicinal 
agent  is  made  by  boiling  oxide  of  antimony  in  a  solu- 
tion of  cream  of  tartar;  on  cooling,  the  ciystals  are  de- 
posited. They  are  much  more  soluble  in  hot  than  in 
cold  water,  and  dissolve  without  decomposition.  It  Las 
emetic  and  alterative  qnaJities,  and  is  poisonous  in  large 
doses. 

Pa/ratarta/rio  Add — Haoemta  Add — has  the  same 
constitution  as  tartaric  acid,  and  resembles  it  very  close- 
ly, being  found  in  the  grapes  of  certain  parts  of  Ger- 
many and  France,    Racemic  acid,  however,  differs  from 

What  is  argol?  Whnt  Is  iho  diffccenco  between  eolnblo  tartar 
Rnd  crenm  oftartai'?  What  is  the  composiUon  of  Eootelle  saltP 
What  peculiar  property  haa  it?    Give  the  foi'mula  foi- tartar  emetic. 
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tartaric  in  yielding  a  precipitate  ivith  a  neutral  suit  of 

Pyrotarta/ric  Acid  {C^S^O^+SO)  is  obtained  by 
the  destructive  distillation  of  tai-tarie  acid  at  400°,  as  a 
liquid. 

The  action  of  heat  on  tartai'ic  acid  is  remarkable. 
When  exposed  to  a  temperature  approaching  400°  it 
me!ts,thio\v8  off  watei,  and  yields  m  succession  the  fol- 
lowing group 

Cmtallized  Tartinc  Acid  C„fI.O,^  +2H0 

Metatartniio  Aoid  0,H,0,„  +2H0 

Isotartanc  Acid  O.HlO^,  +   HO 

Taitralic  A«id  2(C,fl;0,„)+3ffO 

Tartiehc  Acid  C,ll,0„  +  HO 

Anli\dious  Tarlaiic  Acid  C^,Oif 

All  the=!e,  by  the  continued  contnet  ot  w  ater,  pass  back 
into  the  condition  ot  tittauc  acid 

CitnoAud  {0,^S^^0j,+3S'0),  a  tnbasic  acid  occur- 
ring abundantly  iu  the  juice  of  lemons  and  other  sour 
fruits,  and  separated  therefrom  by  the  aid  of  chalk 
and  sulphuric  acid.  It  ia  clarified  by  digestion  with  an- 
imal charcoal,  and  yields  prismatic  crystals  of  a  pleasant 
taste,  and  soluble  in  both  hot  and  cold  water.  The 
crystals  are  of  two  different  forms,  according  to  the 
conditions  of  their  formation :  those  which  separate  in 
the  cold  by  spontaneous  evaporation  contiun  five  atoms 
of  water,  three  of  which  are  basic ;  but  those  which  are 
deposited  from  a  hot  solution  contain  only  four. 

The  citrates  form  a  very  numerous  family  of  salts ; 
for,  as  the  acid  is  tribasio,  we  have  them  with  three  at- 
oms of  metallic  oxide,  or  two  of  oxide  and  one  of  wa- 
ter, or  one  of  oxide  and  two  of  water,  besides  subsalts, 

Aconitic  Add—E^iisetic  Add  (Oi^SeOiz+J^O)-— 
is  formed  by  fusing  citric  acid  and  dissolving  the  result- 
ing brown  product  in  water,  the  change  being 

(7i2^9  Ou=  C^-^H^  Oy^-f  2  HO  ; 
that  is,  one  atom  of  hydrated  citric  acid  yields  one  of 
aconitic  acid  and  two  of  water.    Aconitic  acid  occurs 
naturally  in  the  varieties  of  aconite  and  in  the  equise- 
tums.      Itaconic  and  Citraconic  Acids  are  produced 

Doscvilie  the  action  of  heat  on  tartaric  acid.  What  is  tlie  souree 
of  citric  axad?  Wliat  crystalline  forma  hns  it?  How  may  aconitic 
acid  bo  formed  ? 
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by  tho  contmned  influence  of  heat;  their  fornntla  is 

ifalic  Acid  {0^11^0^+2110),  a  bibasic  acid  occur- 
ring in  the  jnice  of  apples  and  other  fruits.  It  may  also 
be  prepared  from  the  stalks  of  rhubarb,  in  which  it  is 
found  with  oxalate  of  potasaa.  It  is  a  colorless  solid, 
soluble  in  water,  the  solution  changing  by  keeping. 
When  heated  in  a  retort  to  400°,  it  mdts  and  then  boils, 
emitting  a  volatile  sk^A,  Maieie  Acid  {0^IT^0^-\-2M0), 
which  condenses  with  water  in  the  receiver.  If  the 
heat  be  carefully  mfnntained  between  270°  and  280°, 
the  product  is  Pumario  or  Faramaleic  Acid,  which  is 
isomeric  with  maleic,  and  also  aconitic  acid. 

Tannic  Add  {OsaS^iiO^i^^  aa  astringent  principle 
found  in  the  bark  of  the  oak,  nut-galls,  and 
other  vegetable  productions.  It  may  be 
separated  by  placing  in  a  vessel,  h.  Fig.  307, 
.  pow  dered  galls.  On  pouring  on  them  sul- 
1  phuiic  ether  containing  ten  per  cent,  of  wa- 
tei,  a  liqaid  drops  throngh  the  funnel  tube, 
c,  into  the  bottle,  a,  spontaneously  separa- 
tmg  into  two  portions.  The  lower,  which  ia 
a  solution'  of  tannic  acid  in  water,  is  to  be 
j  decanted  and  evaporated  in  the  presence  of 
sulphuric  acid  in  vacuo.  It  yields  tannic 
icid,  or  tannin,  in  the  form  of  au  uncryatal- 
iized  mass.  This  acid  is  soluble  in  water, 
but  much  less  so  in  ether,  has  an  astringent 
taste,  and  reddens  litmns  paper.  With  the  persalts  of 
iron,  it  gives  a  characteristic  and  valuable  precipitate 
of  a  black  color,  the  basis  of  common  writing  ink.  The 
following  furnishes  a  good  writing  ink.  Digest  three 
quarters  of  a  pound  of  bruised  galls  in  a  gallon  of  cold 
water,  then  add  six  ounces  of  sulphate  of  iron,  with  an 
equal  weight  of  gum  arable,  and  a  few  dropa  of  crea- 
sote.  Let  the  mixture  digest  for  two  or  three  weeks, 
with  occasional  agitation,  then  decant.  Tannic  acid 
forms  insoluble  compounds  with  starch,  gelatine,  and 
other  organic  bodies,  that  with  gelatine  being  of  con- 
Kiderable  interest :  it  ia  the  basis  of  leather.  From  tic 
Where  does  malic  noid  occur?  What  effect  has  lieat  on  malic 
acid?  Where  is  tannic  acid  found?  How  is  it  prepared?  Give 
the  process  for  making  ink.     What  is  leather  ? 
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characteristie  precipitate  it  gives  with  ii'on,  it  is  used 
as  a  test  for  that  metal,  which  must,  however,  bo  in  tlie 
state  of  peroxide,  as  the  protosalts  aio  unacted  upon. 
The  gi'adual  darliening  of  pale  writing  inks  ia  due  to 
the  slow  oxidation  of  the  iron  theycontain.  Tannin  is 
very  valuable  as-a  preservative  in  the  dry  collodion  pro- 
cess ;  a  solution  of  it,  being  allowed  to  dry  upon  the  sen- 
sitized collodion,  will  keep  it  in  a  condition  impressible 
to  light  for  many  months. 

Taimigmic  Acid —  Catechine  {  Gi^Hb  0^) — is  extract- 
ed by  hot  water  from  catechu.  It  forms  white,  silky 
crystals,  not  giving  an  insoluble  precipitate  with  gela- 
tine, but  producing  a  green  color  with  persalts  of  iron. 
By  the  action  of  caustic  potassa  in  excess  it  yields  a 
black  insoluble  substance,  (Ttyjomc  Acid  [Ci2H'iO^+ 
HO).  Carbonate  of  potassa  converts  it  into  a  red  acid, 
Jtubinio  Acid  (C,gfl^Oj). 

In  coffee  and  tea  there  exist  similar  acids,  the  Caffe- 
otannic  (  G,^Hg  0^  and  Eoheic  (  C^^H^  0^). 

Gallic  Acid  ( Vu^e  '-'lo)  ^^7  ^^  formed  by  exposing 
a  solution  of  tannic  acid  to  tbe  air,  or  by  making  pow- 
dered gaJls  into  a  paste  with  water,  and  keeping  it  ex- 
posed in  a  warm  place  to  the  air  for  some  weeks.  The 
mass  is  then  pressed,  and  boiled  with  water.  On  cool- 
ing, the  solution  precipitates  a  quantity  of  gallic  acid, 
which  may  be  pm-ified  by  reci7Btal]ization,  Like  tan- 
nic acid,  this  substance  yields  no  precipitate  with  a  pro- 
tosalt  of  iron,  but  a  deep  blue  black  with  a  persalt.  It 
does  not,  however,  precipitate  gelatine;  the  crystals 
are  soluble  in  one  hundred  parts  of  cold  and  three  paits 
of  boiling  water;  the  soJution  has  an  astringent  taste. 
Gallic  acid  is  used  in  photography  for  reducing  silver 
from  the  nitrate  and  iodide  of  silver  under  the  influence 
of  light. 

Tannic  acid  passes  into  gallic  acid  by  oxidation,  car- 
bonic acid  and  water  heing  evolved.  Dilute  hydro- 
chloric or  sulphuric  acid  convert  it  into  gallic  acid  and 
sugar. 

What  precipitate  does  it  yield  with,  iron  ?    Of  what  uso  is  it  in 

photography?    How  does  tannigenlc  acid  originaie?    What  acids 

exist  in  coffee  imd  tea?    How  may  gallic  acid  be  prepared?    Of 

what  nse  is  it  ?    When  tannin  oxidizes,  what  products  arise  ? 

U 
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that  is,  oiie  atom  of  tannic  acid  and  ten  of  water  pro- 
duce three  of  gallic  acid  and  one  of  sugar. 

MUagic  Acid  {C\^H^O^-\-SHO)  is  produced  witii 

fallio  acid  ■when  moistened  galls  are  exposed  to  the  air. 
b  is  a  gray,  crystalline  powder,  and  has  been  found  in 
the  intestinal  concretions  called  Oriental  JBezoars. 

Pj/rogaMio  Acid  {G^^^O^  is  largely  manufactared 
for  photographic  usee,  being  one  of  the  principal  deoel- 
opera  in  the  collodion  process.  It  is  obtained  by  sub- 
liming gallie  acid  at  a  temperature  between  410°  and 
420° :  pyrogallie  and  carbonic  acids  are  produced, 

that  is,  one  atom  of  galUe  acid  yields  one  of  pyrogallie 
and  two  of  carbonic.  It  is  in  the  form  of  white  acicu- 
lar  and  lamellar  crystals,  feebly  acid,  and  of  an  astrin- 
gent, bitter  taste,  soluble  in  water,  alcohol,  and  ether. 
It  is  permanent  when  dry  or  dissolved  in  alcohol,  but 
the  aqueons  solution  oxidizes  and  turns  brown.  On  ac- 
count of  this  property,  it  may  be  used  for  tbe  analysis 
of  ^r,  especially  when  associated  with  an  alkali.  It 
gives  a  black  precipitate  with  the  salts  of  silver. 

MetaffaUic  Acid  (Cj^H^O,)  is  formed  when  gallic 
acid  is  suddenly  heated  in  a  retort  to  500°.  It  is  a 
black  mass,  insoluble  in  water,  but  soluble  in  alkalies, 
from  which  it  is  precipitated  as  a  black  powder  by 
acids. 


LECTURE  LXSXIV. 

The  Vegbtablk  Alkaloids. — General  I^operties  of 
the  Vegetable  Alkaloids. — Morphia. — JVarcotina. — 
Codeia. — Meconic  Acid. — Quinia.  —  Cinc}i,onia.— 
Strychnia.  —  Brucia.  —  Artijidal  Alkaloids. — Ani- 
line, and  the  Dyes  formed  from  it. 
The  vegetable  alkaloids  constitute  an  extensive  class 
of  bodies,  which  are  for  the  most  part  the  active  me- 
dicinal agents  of  the  plants  in  which  they  occur.    They 
are  generally  sparingly  soluble  in  water,  but  more  solu- 

Wliatdo  Orientiil  Beionrs  contain?  How  is  pyrogallie  neid  mnn- 
ufactured?  What  relation  does  it  bear  to  callie  acid?  What  arc 
its  properties  ?  What  is  metagallic  acid  ?  What  general  properties 
hare  tne  fdkaloids  ? 


Hc^i^db,  Google 


ble  in  boiling  alcohol,  of  a  bitter  taste,  and  character- 
ized by  coutaining  nitrogen.  In  their  natural  state 
they  are  united  with  an  acid,  and,  possessing  basic  prop- 
erties ill  a  very  marked  manner,  neutralize  acids  com- 
pletely. This  qnality  seems  to  depend  on  the  nitrogen 
they  contain,  and  has  no  reference  to  their  oxygen,  for 
the  quantity  of  this  latter  element  present  seems  to  have 
no  relation  to  their  neutraliaing  power,  and,  indeed,  in 
some  of  them  it  ia  not  present  at  ali.  In  many  respects 
they  are  analogous  to  ammonia,  their  salts,  unlike  those 
of  some  of  the  compound  radicals,  such  as  ethyle,  un- 
dergoing decomposition  in  the  same  manner  as  the 
salts  of  ammonia.  Thns  the  chloride  of  ethyle  does  not 
decompose  the  nitrate  of  silver,  but  the  analogous  com- 
ponnds  of  ammonia  and  the  vegetable  alkaloids  do ;  and 
these  bodies  may  therefore  be  separated  from  the  natu- 
ral combinations  in  which  they  occur  precisely  as  we 
should  separate  lime,  or  potassa,  or  magnesia  in  their 
salts.  Most  of  the  vegetable  alkaloids  are  poisonous 
bodies,  and,  indeed,  among  them  we  meet  with  some  of 
the  most  terrific  poisons  known.  There  are  several  ar- 
tificial substances,  such  as  Aniline,  and  those  containing 
arsenic  and  platinum,  which  ought  to  be  classed  with 
these  basic  bodies. 

0ns  general  method  is  applicable  to  the  separation 
of  these  bodies.  The  substance  contiuning  them  is 
boiled  with  dilute  hydrochloric  acid,  the  solution  filter- 
ed, and  treated  with  ammonia,  lime,  or  magnesia.  The 
alkaloid  separates,  and  is  purified  by  alcohol  or  ether. 
Most  of  these  bodies  are  of  importance  in  medicine. 

Morphia  (C3!^S^OgJSr+2£rO)  is  the  active  prmciple 
of  opium,  and  was  the  first  discovered  of  the  alkaloids. 
It  was  isolated  by  Sertuernor  in  1803.  It  may  be  pre- 
pared by  mixing  an  infusion  of  opium  with  acetate  of 
lead  in  excess ;  the  meconatc  of  lead  is  separated  by  a 
filter,  and  through  the  solution  containing  acetate  of 
morphia  a  stream  of  sulphureted  hydrogen  is  passed. 
The  solution  is  warmed  to  expel  the  excess  of  gas,  fil- 
tered, and  mixed  with  ammonia,  which  throws  down 
the  morphia  and  narcotine :  these  are  separated  by  boil- 

What  relation  have  thej-  to  ihe  animal  system  ?  Wliat  is  tlie  geii- 
erai  melhod  for  their  separation  7  ,  AVhat  is  morpliin  ?  Give  the  pro- 
cess for  mnliing  it. 
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ing  ether,  ivhicli  dissolves  the  latter.  Turkey  opium 
yields  about  bq  ounce  to  the  pound  of  morphia. 

Morphia  is,  when  obtained  from  its  alcoholic  solution, 
in  small  crystals,  six-sided  prisms  with  dihedral  termin- 
ations. It  is  almost  insoluble  in  water,  bitter  to  the 
taste,  neutralizes  acids,  and  forms  ciystallizable  salts. 
It  dissolves  readily  in  dilute  acids;  the  most  common 
of  its  salts  are  the  hydrochlorate,  sulphate,  and  acetate. 
With  nitric  acid  it  gives  a  bright  red  color,  with  neu- 
tral perchloride  of  iron  a  blue  color,  and  ■with  iodic  acid 
a  reddish-brown  color  with  the  odor  of  iodine. 

UTarcoiina,  {G^H^^O-^^^N)  is  associated  with  morphia 
in  opium.  It  may  be  obtained  by  digestinE'  powdered 
opium  in  warm  ether,  which  takes  up  little  else  than  the 
narcotina,  and  yields  it  in  crystals — rhombic  prisms  in- 
soluble in  cold  water.  It  is  soluble  in  Tolatile  and  fat 
oils,  bat  insoluble  in  alkarline  solutions :  dilate  acids  foim 
with  it  bitter  solutions.  By  the  action  of  peroxide  of 
manganese  and  sulphuric  acid,  and  by  bichloride  of  p3a- 
tinum,  an  extensive  class  of  bodies  is  produced,  some 
acids,  others  bases. 

Codeia.  {C^SwO^N-^lSa)  is  found  in  the  hydro- 
chlorate  of  morphia :  it  remains  in  solution  when  the 
moi-phia  is  precipitated  by  ammonia.  It  crystallizes  in 
acicular  or  flat  prisms,  colorless  and  transparent.  Nar- 
c68'a,7%e6(xi«,Pap(iwe)'me,andJHeco!i«')ieare  other  orys- 
i^ine  pi-inoiples  found  in  opium. 

Meconie  Add  (O^^MOi^+SlTO),  a  tribasic  acid  as- 
sociated with  morpiua  in  opium.  It  may  be  obCained 
from  the  meconate  of  lime,  which  precipitates  in  the 
preparation  of  morphia  by  chloride  of  calcium  from  in- 
fusion of  opium.  The  precipitate  is  washed  in  water 
and  hot  alcohol,  and  warm  dilate  hydrochloric  acid  is 
added  until  all  the  lime  is  removed.  It  crystallizes  in 
transparent  micaceous  scales,  soluble  in  water  and  alco- 
!io!.  When  heated  it  loses  31^  per  cent,  of  water,  but 
if  a  strong  solution  be  boiled  it  becomes  dark-colored, 
carbonic  acid  is  evolved,  and  oxalic  acid  and  Comenio 
(Metameconic)  acid  are  formed.  The  formula  of  co- 
menio acid  is  {Cjz^20^+2JI0).    Meconic  acid  forms 

Wliat  are  iM  properties?  How  may  narcotine  bo  otjWined? 
Give  lie  propeitiea  of  codrio.  "WJiBt  ia  the  compositioTi  of  meconic 
acid?    Wbat  bodies  arc  derived  from  it? 
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with  the  persalts  of  iron  an  intensely  red  color.  It 
forms  several  series  of  salts,  like  all  tribasic  acids. 

Comenic  acid,  when  heated,  yields  carbonic  acid  and 
jPyr<mee<mic  Acid  {G^^H^O^-y HO),  with  a  small 
quantity  of  Parameconic  Add. 

Quinia — ^inine  (Cgo^jiVtJa). — This,  which  is  one 
of  the  most  valuable  ofthe  vegetable  alkaloids,  hs  ob- 
tained fi'om  Cinchona  Bark,  partieolarly  predomina- 
ting in  yellow  bark.  The  decoction  ofthe  ground  bark 
in  dilute  hydrochloric  acid  is  to  be  boiled  in  an  excess 
of  milk  of  lime,  and  the  precipitate  acted  upon  by  boil- 
ing alcohol ;  on  evaporation,  Ginchonia  is  deposited  in 
crystals,  but  the  quinia  remains  in  solution.  It  may  be 
precipitated  by  the  addition  of  water,  and.  obtained  in 
crystals  from  the  spoutaneoua  evaporation  of  its  soln- 
tion  in  absolute  alcohol.  Quinia  neutralizes  acids  per- 
fectly, giving  rise  to  salts,  of  which  the  hydrocblorate, 
phosphate,  sulphate,  etc.,  are  employed  in  medicine  for 
the  treatment  of  miasmatio  diaordei-s,  and  as  tonics.  It 
\a  spai-ingiy  soluble  in  water,  but  very  soluble  in  alcohol 
or  acids.  The  basic  sulphate  of  quinine,  a  common 
preparation,  is  slightly  soluble  in  n'ater,  the  neutral  sul- 
phate much  more  so.  For  this  reason,  sulphate  of  quinia 
ia  dissolved  in  dilute  sulphuric  acid ;  the  solution  has  a 
pecnliar  bluish  opaline  tint,  the  result  oijiuorescence. 

Oinohonia  (C^pSijOiT)  ia  obtained,  as  just  stated, 
in  the  preparation  of  quinia,  with  which  it  is  associated 
in  bark,  and  is  found  in  the  principal  varieties  of  red 
and  gray  Peruvian  bark.  It  crystaDizes  in  prisms,  re- 
quiring 2500  parts  of  water  at  212°  for  their  solution, 
and  is  sparingly  soluble  in  alcohol,  ether,  and  fixed  oils. 
It  has  but  litSe  taste,  but  when  mixed  with  an  acid  be- 
comes intensely  bitter. 

Other  analogous  bodies  exist  in  the  different  species 
of  bark — Qidnoidine,  a  mixture  of  quinine  and  Quini- 
dine  <G^aH'^]V^O^+iB:0),  Qidnieim  {O^a^^i^zO^), 
and  Arioine  ((74g^gA^08). 

^nio  Aeid — Cinohonie  Acid  {C^M^O^-\-IIOy — la 
combined  with  the  foregoing  bodies  in  bark.     It  is  ob- 

"Wbj  is  qniniiie  valuable?  "What  ia  its  sonroe?  What  salts  aro 
tliei'e  of  it?  What  pecnliai'itj  has  the  solution  of  sulphate  of  qui- 
nine ?  Describe  cinehonia.  What  other  bodies  exist  in  bark  ?  How 
is  liinic  acid  obtaineii? 
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tained  by  decompoBiog  the  kiuate  of  ]imo,  obtamed  in 
the  manufacture  of  Bulphate  of  quinine  by  oxalic  acid, 
filtering  the  solntion  from  osalsite  of  lime;  the  kinic 
acid  crystallizes  on  evapovation.  It  is  very  soluble  in 
water. 

Strychnia  { C^ilf^  O^^N"^  occurs  in  Nvx  Vomica,  St. 
Ignatius^s  Beaii-,  iu  the  poiaoD  Upas  IHevte,  and  other 
vegetable  products.  It  may  be  extracted  from  nax 
vomica  seeds  by  boiling  them  in  dilute  sulphuric  acid, 
aod  then  acting  with  lime  and  alcohol,  as  described  in 
the  case  of  quinia. 

Strychnia  requires  7000  parts  of  cold  and  2500  parts 
of  boiling  water  to  dissolve  it;  -water  oontaining  ono 
forty-thousandth  of  its  weight  of  it  is  rendered  sensibly 
bitter.  It  forma  a  series  of  soluble,  bitter,  and  poison- 
ous salts,  and  may  be  precipitated  from  their  solutions 
by  the  caustic  alkalies  as  a  white  anbstanoe,  soluble  in 
ether  and  chlorofovni.  It  is  a  violent  poison,  causing 
intense  muscular  contractions ;  the  antidote  is  tea.  The 
best  test  is  to  immei'se  a  frog  partially  in  the  suspected 
solution ;  he  wilt  become  tetauized  if  strychnia  be  pres- 
ent. 

Brucia  (G,^I^2sO^N2)  is  associated  with  strychnia, 
and,  being  very  soluble  in  cold  alcohol,  is  readily  sepa- 
rated from  it.  It  is  also  more  soluble  in  hot  water,  re- 
quiring only  500  parts.  It  has  one  sixth  the  poisoning 
power  of  strychnia.  These  substances  are  found  in 
union  with  a  peculiar  acid,  Stryehnio  or  Igasu/rie  Ackl. 

The  following  table  gives  the  names  of  other  vegeta- 


ble  alkaloids,  and  bodies  inilogons  to  them 

Aeonitme. 

Daturine 

Pioioto^ine 

Antoarine. 

Delphinine 

Piperme 

Asparagine. 

EKtenna 

Phlonlzme 

Ali'opine. 

Emetine 

Populme 

Caffiiine— Theinc 

Gentianine 

Saliune 

Hesperidine 

Solamne 

Colchicine. 

btramonine 

Conine. 

lleconine 

Thelame 

Curarine. 

NarCQine 

Theobiomii 

Dnplininc. 

Nicotine 

Vciatrine 

Moatine  is  an  oilj  hquid  piocuied 

tiom  tobacco,  iii- 

WliatisthesourceofBtrychnia?  WhataceitspcopevtieB?  What 
effect  has  strychnia  on  animals  ?  DeEcribe  brucia.  Name  tho  veg- 
elable  alkaloids.     What  are  the  properties  of  nieotine? 
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flammable  and  poisonous,  a  single  drop  killing  a  dog, 
Conine,  pvocored  from  hemlock,  is  a  deadly  poison, 
pvoduoiug  death  by  paralyzing  the  muscles  of  respira- 
tion. Two  grains  of  it,  neutralized  with  hydrochiorio 
acid,  and  injected  into  the  femoral  vein  of  a  dog,  killed 
him  in  three  seconds.  Theine  and  Caffeine  {CgH^O^ 
iV^g)  are  found  in  coffee  and  tea.  Their  effect  on  the 
nervous  system  is  well  known. 

The  following  bases  are  formed  artificially : 
Aniline — Kyanol  {^C-^^HfW) — is  one  of  the  ingredi- 
ents of  coal-tar.  It  may  be  obtained  in  large  quantities 
by  distilling  nitrobenzole  with  a  mixture  of  acetic  acid 
and  zinc  or  iron,  in  which  case  it  is  decomposed  by  nas- 
cent hydrogen.     The  decomposition  is  as  follows : 

that  is,  one  atom  of  nitrobenzole  and  six  of  hydrogen 
produce  one  atom  of  aniline  and  four  of  water. 

It  is  an  oily  liquid,  boiling  at  360°,  specific  gravity 
1 .020 ;  soluble  in  cold  water,  alcohol,  ether,  wood-spirit, 
aldehyde,  acetone,  sulphide  of  carbon,  and  in  fixed  and 
volatile  oils.  It  forms  a  series  of  salts  with  acids,  and 
is  now  largely  employed  in  the  manufacture  of  the  coal- 
tar  colors. 

AniUne  Purple  (Mauve). — One  equivalent  of  a  neutral 
salt  of  aniline  is  dissolved  in  water,  and  boiled  for  sev- 
eral hours  with  sis  equivalents  of  chloride  of  copper. 
When  the  reaction  is  complete  the  mixture  is  filtered, 
the  black  precipitate  well  washed  and  dried,  and  after- 
ward digested  repeatedly  in  dilute  alcohol  in  order  to 
dissolve  out  the  coloring  matter,  which  is  aniline  pur- 
ple. By  heating  anhydrous  bydrochlorate  of  an&ine 
with  nitrate  of  lead  to  360°,  a  bronze-like,  brittle  maps 
is  obtained,  wLich  contains  aniline  red  mixed  with  ani- 
line purple.  The  red  may  be  separated  from  the  pui'- 
ple  by  boiling  water;  one  grain  ot  it  will  strongly  color 
a  gallon  of  water.  These  coloring  mattera  are  fixed  on 
cotton  by  preparing  the  goods  with  a  solution  of  tannin 
and  the  coloruig  matter,  and  then  passing  them  through 
a  bath  containing  tartar  emetic.  The  tannate  of  anti- 
mony thus  produced  fixes  the  dye. 

TVliat  am  tlia  properties  of  conina  ?  'Whiit  ia  the  Composition  of 
tlieine  nnil  caffeine.  How  is  aniline  niitdo  ?  Wlint  are  the  proper- 
ties of  aniline  ?     Why  is  it  valned  ? 
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Mauve  is  prepared  by  adding  bichromate  of  potassa 
to  sulphate  of  aniline :  one  tenth  of  a  grain  will  form  a 
rich  Yiolet-colored  solution  with  a  gallon  of  alcohol. 

Aniline  Jte4  {Magenta). — Corroaivo  Bublimate  and 
aniline  form  by  mixture  a  colorless  paste :  when  heated 
it  acquires  an  intense  crimson  color.  From  this  prod- 
uct, which  seems  to  be  a  salt,  RosanUine  ( Cac^i^  0) 
is  procured ;  it  acts  the  part  of  a  base,  and  with  acids, 
at  a  moderate  heat,  produces  magenta. 

Moseine  results  from  the  mixtare  of  sulphate  of  ani- 
line and  peroxide  of  lead.  Michsine  is  prodaced  when 
aniline  is  heated  with  bichloride  of  tin,  corrosive  subli- 
mate, nitrate  of  merenry,  arsenic  acid,  or  indigo.  Meii 
de  FaHa  arises  when  aniline  is  heated  with  bichloride 
of  tin  to  a  high  temperature  in  a  close  vessel. 

The  colors  obtained  by  these  processes  depend  on  the 
oxidation  of  aniline,  and  var^  with  the  degree  of  oxida- 
tion. The  processes  of  Perkins,  in  which  the  oxidation 
is  effected  by  bichromate  of  potassa,  produce  very  per- 
fect colors.  Variation  of  tint  depends  on  the  propor- 
tion of  the  ingredients  used;  for  example,  10  pails  of 
aniline  added  to  a  mixture  of  12  of  arsenic  acid  and  12 
of  water,  and  heated  to  about  248°,  yield  a  rich  red  with 
a  violet  tint.  The  same  quantity  of  aniline,  with  24  of 
arsenic  aeid  and  24  of  water,  give  a  purple  or  violet. 

The  selection  of  a  proper  mordant  materially  affects 
the  results.  Of  all  yet  proposeil,  the  stannate  of  soda 
appears  to  be  the  most  efficient. 

JjeuTcol  {CigS'gJV),  formed  with  aniline  in  oil  of  coal- 
tar,  from  which  it  may  bo  separated  by  distillation.  It 
is  also  an  oily  liquid,  and  can  yield  cryBtaliizable  salts. 

Quinolme  {O^^HgN'),  made  by  distilling  quinine  or 
strychnine  with  caustic  potassa.  An  oily  liquid,  very 
bitter,  strongly  alkaHne,  yielding  crystallizable  salts. 

Besides  these  bodies,  there  are  other  artificial  bases 
of  au  analogous  nature,  but  which  differ  in  the  remark- 
able particular  of  containing  platinum  and  arsenic;  such, 
for  example,  as  the  platinum  bases  of  Reiset  and  Gros,  or 

How  ia  mauve  produced?  What  mordftnt  does  it  require?  TEow 
is  magentn  made?  Hoiv  are  roaeine,  fuchsine,  niii!  bleu  de  Paris 
prepared?    "What  ia  the  ehemioal  explanation  of  tlia  aniline  colors? 
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the  arsenico-platiuum  radical  kakoplatyle.  The  forma- 
tion of  these  organic  baaea  leads  us  to  hope  that  the 
vegetable  alkaloids  themselves  will  hereafter  be  artifi- 
cially formed. 


LECTURE  LXXXV. 

The  Coloijing  Bodies. — Their  Gejieral  Froperties. — 
Dyeing. — The  N>yi\rm,Vrog€ms£3,  GcAoriiui  Matters. — 
7'Ae  Nitrogenized  Coloring  Matters. — Mdigo. —  CoU. 
orless  Indigo. — Bodies  derived  from  Indigo. — lit- 
mus.—  0Iilor<^3hyU. — Carmine. 

Thb  coloring  principles  derived  from  the  organic 
kingdom  may  be  conveniently  divided  into  two  classes, 
the  non-nitrogen ized  and  the  nitrogenized.  They  may 
also  be  readily  classed  into  groups,  aa  blue,  red,  yellow, 
green.  For  the  most  part  they  are  derived  from  vege- 
table productions. 

For  some  coloring  matters,  the  fibres  of  those  tissnea 
commonly  employed  for  clothing  have  a  sufficient  affini- 
ty to  hold  the  color  so  that  it  can  not  be  removed  by 
mere  washing,  and  is  permanently  dyed.  Such  colors 
are  called  avistantive.  But  in  other  instances  this  is 
not  the  case;  the  artist  has' then  to  availhimself  of  the 
properties  possessed  by  intermediate  bodies,  such  as 
alumina  and  the  oxide  of  tin,  called  mordants,  which  at 
once  possess  the  double  quality  of  an  affinity  for  the  col- 
oring matter  and  an  affinity  for  the  cloth  fibre.  Colors 
requiring  a  mordant  are  termed  ac^ective  colors.  The 
attraction  of  these  bodies  for  coloring  matter  may  be 
illaetrated  by  precipitating  alumina  in  a  sointion  tinged 
by  litmus ;  the  solution  becomes  perfectly  clear,  its  color 
going  down  with  the  precipitate,,  and  forming  with  it  a 
lake. 

NON-NITKOGENIZED    CoLOEING  MaTTEBS. 

The  hhie  non-nitrogenized  coloring  matters  are  chiefly 
found  in  flowers  and  fi-uits.  They  are  reddened  by  acids, 
and  turned  green  by  alkalies. 

The  rei?  non-nitrogenized  coloripg  matters  arc  of  some 

What  division  ia  made  of  coloring  principles?    "Wliat  is  a  snl>- 

Blantive  eolc*?    Wlint  is  a  mordant?    What  is  an  adjective  color? 

U2 
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importance ;  among  them  may  be  mentioned  Madder  or 
Garaneme.  The  plant  is  largely  cnltivated  iu  Holland, 
and  has  a  long,  spreading  root,  ivhicli  develops  a  red 
color  daring  dyeing.  Alizarine  W^MgO^  is  obtained 
by  digesting  gavanoine  in  boiling  alcohol.  Madder  Zake 
is  made  by  adding  carbonate  of  soda  to  a  decoction  of 
madder  root  in  a!um. 

Mrnnatoxyline  (C-^^JItO^+SO)  is  the  coloring  mat- 
ter of  logwood.  It  is  soluble  in  ivater  and  alcohol,  and 
furnishes,  with  iron  and  alum  bases,  a  black  dye.  The 
•same  principle  ia  yielded  by  Brazil-wood  and  camwood. 

Garthamine  is  a  very  beautiful  red,  obtained  from  the 
safflower.  It  is  used  in  making  pink  saucers,  and  in  the 
preparation  of  Houpe. 

The  yellow  coioncg  matters.  Among  these  may  be 
mentioned  Quercitrine  {O^z^^^^u)}  derived  from  the 
Qnercus  Tinctoria;  Gamboge,  the  dried  jnice  of  the 
Garcinia  Gambogia;  Turmeric,  used  as  a  test  for  alka- 
lies, which  turn  it  brown,  from  the  Curcuma  Longa; 
and  Anallo,  employed  for  coloring  cheese,  from  the 
seeds  of  Bixa  Orellana. 

NiTEOQKNIZED   CoLOEING  IVIaTTEES. 

The  nitrogenized  coloring  matters,  among  which  are 
some  of  the  most  valuable  dyes  that  we  possess,  may  be 
divided  according  to  their  tint. 

Indigo  is  derived  from  the  juice  of  several  species  of 
Indigofera,  and  is  formed  from  a  colorless  or  yellow 
compound,  which  is  dissolved  out  from  the  leaves  of 
these  plants  when  they  are  allowed  to  ferment  with  wa- 
ter, A  deep  blue  precipitate  forms  on  the  addition  of 
lime-water  and  exposure  to  the  air.  It  appears,  there- 
fore, to  be  a  product  of  oxidation.  It  comes,  in  com- 
merce, in  small  masses  of  a  conchoidal  fracture,  which, 
when  rubbed,  exhibit  "a  coppery  aspect;  is  insoluble  in 
water,  aftohol,  dilute  acids,  and  alkalies;  and  may  be 
sublimed,  yielding  a  purple  vapor,  which  condenses  into 
crystals  of  pure  indigo.  It  dissolves  in  about  15  parts 
of  strong  sulphuric  acid,  but  still  better  in  Nordbansen 
oil  of  vitriol.     The  mass  produced  is  sohiblc  in  water ; 

What  is  madder?  Wli'ivt  are  the  rcftctions  of  Iiiomatoxylino  ? 
What  is  ronge?  Name  some  of  the  yellow  coloiing  matters,  fflifll 
is  tho  source  of  indigo  ?    What  are  its  properties  ? 
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it  is  a  solution  Of  Sulpkindigotic  Aaid  ( Ci^-Z^ '^2-'^+ 

By  contact  with  deoxidizing  agents  blue  indigo  be- 
comes eoloi'Iess,  as  may  be  sliown  by  digesting  powder- 
ed indigo,  protosulpbate  of  iron,  bydrate  of  lime,  and 
water  together.  In  this  state,  as  in  its  natnral  condi- 
tion, it  is  soluble  in  water,  and  may  be  precipitated  by 
hydrochloric  acid.  On  exposure  to  the  air,  Indigogme, 
as  this  white  indigo  is  called,  absorbs  oxygen  rapidly, 
and  becomes  blue  and  insoluble. 

When  indigo  is  submitted  to  destructive  distillation, 
it  yields  aniliae,  described  in  the  last  Lecture. 

The  relation  existing  between  blue  and  white  indigo 
is  seen  from  their  formulas : 

Blue  Indigo— Indigotiiie C^Jf^NO, 

White  Indigo— Indigogene C.^H^NOg, 

Under  the  action  of  heat  and  of  reagents  indigo  yields 
an  extensive  class  of  bodies,  to  which  mach  attention 
has  been  given.  With  dilute  nitric  acid  it  yields  Anilia 
or  Indigotie  Acid;  with  strong  nitric  acid,  JPlone  or 
Cariaeotia  Acid  ( C^^HJ^NO^^  0,  HO),  a  substance  of 
a  yellow  color,  bitter  taste,  and  forming  explosive  salts. 
Heated  with  bichromate  of  potassa,  sulphuric  acid,  and 
water,  it  yields  laoHne  (C'jg^O^iV),  which  crystallizes 
iu  reddish-brown  prismatic  crystals,  inodorous,  sparing- 
ly soluble  in  cold,  but  more  so  in  hot  water,  readily  bi3- 
nble  in  alcohol,  but  less  abundantly  in  ether.  This  body, 
under  the  influence  of  an  alkaline  solution,  unites  with 
one  atom  of  water  and  changes  into  Jsatinie  Acid. 
Under  the  influence  of  chlorine,  isatine  yields  Cklorisa- 
titie,  an  atom  of  chlorine  sabstituting  one  of  its  hydro- 
gen atoms ;  and  Sichlorisatine  by  the  substitution  of 
two  chlorine  atoms  for  two  hydrogen  ones;  and  these 
again,  as  in  the  case  of  isatine  itself,  acted  npon  by  al- 
kaline solutions,  yield  eaoh  an  acid.  With  bromine  it 
produces  Uromisatine  and  Bibromi&atine.  Caustic  al- 
kalies acting  on  indigo  yield  Chrymnilic  and  Anthra- 
nUic  Acids. 

Idtimis  is  derived  from  the  Roeella  Tinctoria,  Lecano- 

How  is  indigogene  preptired  ?  What  is  the  relation  between,  blue 
nnd  while  indigo?  How  ai'o  indigotic  and  picric  acids  made?  De- 
Bccibe  isatine.  What  bodies  arise  from  isatine?  What  is  the  source 
oflitmna? 
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ra  Tartaria,  cte.  These  lichens  give  up  to  ether  a  crys- 
talline substance,  to  which  the  name  of  Iscanorine  is 
giveu.  Its  ■composition  is  {C-^aH^Oa+ITO) ;  it  does  not 
contain  nitrogen.  It  is  in  white,  inodorons,  and  taste- 
less stellated  groups  of  acionlav  crystals,  soluble  in  alco- 
hol and  ether.  This  substance,  heated  with  baryta  or 
alkalies,  produces  Orcine  {CigHsO^+SO)  by  losing 
two  atoms  of  cai-bonio  acid.  Orcine  ciyatallizes  in  flat, 
fonv-sided  prisms,  with  dihedral  summits :  it  has  a  sweet, 
repulsive  taste,  is  vaporizable  at  550°.  Mixed  with  am- 
monia and  exposed  to  the  air,  oxygen  is  absorbed,  and 
the  liquid  asanmea  a  deep  purple  tmt.  From  this,  acetic 
acid  precipitates  a  deep  red  powder,  Orceine  or  Oroeio 
Aaid  (  Cigl^  O^N'),  which  contains  nitrogen,  and  is  snp- 

Eosed  to  be  the  basis  of  the  dye-stnff  of  litmus :  with  al- 
alies  it  gives  a  blue  color.  Litmus  is  extensively  used 
■in  chemistry  as  a  test  for  acids  and  alkalies.  Litmus 
paper  is  white  \insized  paper,  stained  with  an  infusion 
of  an  onnce  ofUtnaus  in  half  a  pint  of  boiling  water. 

Chlorophyll  ((7,a^(?eiV)  is  the  green  coloring  mat- 
ter of  leaves.  It  is  insolnble  in  water,  but  soliibie  in 
water  and  ether,  and  is  a  fatty  substance.  It  is  also 
found,  under  very  interesting  circumstances,  in  the  ani- 
mal system,  as  the  coloring  matter  of  bile.  When  an 
ethereal  solution  of  it  is  long  exposed  to  light,  it  ac- 
quires a  yellow  color,  and  leaves,  on  evaporation,  a  resi- 
due having  all  the  characters  of  xanthopnylHne, 

JTanthophylline  is  a  term  applied  to  the  coloring 
matter  extracted  from  the  yellow  leaves  of  autumn. 
M^th/rophyUine  is  obtained  by  digesting  the  leaves 
which  redden,  in  alcoho!. 

Carvnine  is  the  coloring  matter  of  the  cochineal  in- 
sect. Coccus  Cacti.  The  coloring  matter  may  be  ob- 
tained from  the  insect  by  water  or  ammonia.  The  caj-- 
mine  of  commerce  is  a  lake  prepared  by  adding  alum  to 
the  freshly-filtered  solution. 

Aloes  is  the  inspissated  juice  of  certain  species  of 
Aloe,  used  as  a  purgative  medicine.  When  heated 
with  nitric  acid,  and  water  added,  a  yellow  precipitate 
is  thrown  down,  which,  when  purified,  is  Chryaammie 

How  are  oi'oine  and  orceine  made?  Whatis  chloTOpIiyllf  Whnt 
suljsfances  ate  made  from  autumu  leaves  ?  Wliat  is  carmine  ?  Of 
wliat  use  is  aloes  ?    Wliat  is  ohryaammic  acid  ? 
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Acid.  It  yields  yellow  crystals  of  a  bitter  taste,  and 
fiirniBbes  a  solution  of  a  purple  color.  Its  salts  are 
cryBtallizaljle,  by  transmitted  light  of  a  red  color,  witlj 
a  green  metallic  reflection,  like  murexide.  The  liquid 
from  which  this  acid  was  precipitated  contains  picric 
acid. 


LECTURE  LXXXVI. 
The  Fatty  Bodies. —  Characteristics  of  the  Fatty  Bod- 
ies,— Fats. — Mxed  and  Volatile  Oils. — Soaps. — Ste- 
arine  and  Stearic  Acid. — Margarine  and  Margario 
Acid.  —  Oleine,  —  Glycerine.  —  The  JVaheral  Oils, 
Falm  Oil,  etc. — Tlie  Volatile  Oils. — The  Camphors. 
This  class  of  bodies  is  cbaracterized  by  several  ■well- 
marked  pecnliarities,  and  may  be  conveniently  divided 
into  two  natural  groups,  oils  and  fata.  They  belong 
both  to  the  vegetable  and  animal  systems.  In  the  for- 
mer they  usually  abound  in  the  seeds  or  fmits ;  in  the 
latter,  are  deposited  in  the  cellular  structure  of  the  adi- 
pose tissue.  The  natural  fafs  are  usually  mixtures  of 
two  or  more  ingredients,  diffenng  from  one  another  in 
consistency.  In  most  instances  they  are  stearine  and 
margarine,  along  with  a  liquid,  oleine.  These  oils  can 
not  be  distilled  without  undergoing  decomposition  ;  ex- 
posed to  the  air  they  gradually  absorb  oxygen  and 
evolve  carbonic  add.  Many  of  them,  in  which  this 
change  takes  place  with  rapidity,  turn  into  resinous  bod- 
ies, and  hence  their  application  in  painting  as  dicing 
oils.  Linseed  oil,  which  is  the  most  used  for  such  pur- 
poses, has  its  drying  qualities  increased  by  boiling  with 
litharge,  and  is  also  an  important  component  oiJPHnt^s' 
Inh,  for  which  it  is  first  heated  and  then  set  on  fire, 
and  allowed  to  burn  for  some  time.  When  extinguish- 
ed it  is  miscible  with  fresh  oil  or  turpentine,  and  about 
a  sixth  of  lamp-black  is  added. 

Oily  bodies  may  be  divided  into  fixed  and  volatile ; 
the  former  decompose  when  heated,  the  latter  distill. 

What  are  the  general  properties  of  the  fatty  bodies?  What  in- 
gredients ate  there  in  natural  fats  ?  What  change  do  the  oils  suffer 
in  the  air?  Why  is  linseed  oil  valuable?  How  is  printers'  ink 
made?    What  division  is  made  of  oils? 
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A  simple  test  auificea  to  distinguish  them.  When  a  few 
drops  of  an  oily  substance  are  put  on  papev,  if  it  be  a 
volatile  oil  it  soon  evaporates,  and  leaves  the  paper 
without  a  stain;  if  fixed,  the  paper  remains  gi-easy. 
The  fixed  oils  have  but  little  odor,  the  volatile  oils  com- 
monly a  characteristic  one.  They  are  ail  insoluble  in 
water;  many  are  soluble  in  alcohol;  all  are  dissolved 
by  ether. 

By  exposure  to  a  low  temperature  tbe  constituent 
principles  of  a  mixed  oil  may  often  bo  separated  from 
each  other,  tbe  more  solid  substances  separating  first. 
"When  olive  oil  is  thus  treated,  an  exposure  to  40° 
causes  a  deposit  of  Margarine;  the  fluid  portion  which 
is  left  is  Oleine.  Animal  fats  exposed  to  pressure  be- 
tweea  folds  of  blotting-paper  communicate  to  it  oleine, 
and  the  solid  residue  left  behind  is  a  mixture  of  marga- 
rine and  Stearine.  When  the  fixed  fats  are  boiled  with 
alkaline  solutions,  Soaps  are  formed.  These  substances, 
of  extensive  use  in  domestic  economy  and  the  arts  from 
their  detergent  properties,  are  freely  soluble  in  wa- 
ter. In  the  process  of  making  them  the  fata  undergo  a 
change,  true  acids  being  liberated,  which  unite  with  the 
alkaline  base.  Stearine  yields  stearic,  acid ;  margarine, 
margario  acid ;  and  oleine,  oleic  acid.  They  mayjie  set 
free  by  decomposing  the  soap  with  an  acid.  At  the 
same  time,  a  sweet  substance.  Glycerine,  appears ;  it  is 
the  base  with  which  the  acids  were  associated,  oleine 
being,  for  instance,  an  oleato  of  glycerine.  Of  the  vari- 
eties of  soap  met  with  in  commerce,  Soft  Soap  is  made 
from  potassa,  combined  with  whale  or  seal  oil;  Sard 
White  Soap  from  tallow  and  caustic  soda ;  Sard  Tel- 
low  Soap  from  soda,  tallow,  palm-oil,  and  resin.  In  the 
preparation  of  white  soap  the  alkaline  solution  is  made 
to  boil,  and  tallow  added  in  small  portions  until  no 
more  can  be  saponified.  The  solution  now  contains 
soap  and  free  glycerine ;  the  former  is  separated  by  the 
addition  of  common  salt  in  a  solution  of  which  it  is  in- 
soluble. It  floats  on  the  top  of  the  liquid,  and  is  then 
run  into  moulds,  and  cut  into  bars  for  commerce.    In 

How  aie  oils  distinguished ?  WTiftt  is  the  process  for  analyiinR 
mixed  oils?  What  is  soap?  What  is  the  reason  of  the  appenrnnce 
of  glycerine  ?  What  is  the  diifereace  betiveen  soft  and  hard  BOap  ? 
Describe  the  maniifactura  of  soap. 
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this  process  the  manufacturer  does  not  .idd  so  inucli 
salt  as  to  separate  all  the  water.  Commercial  soap  still 
contains  from  forty  to  fifty  per  cent. 

Stearine  ( (7,,4Zf|ni  O^)  may  be  obtained  from  purified 
mutton  fat  \>y  suffering  a  warm  ethereal  solution  to  cool. 
The  stearine  crystallizes,  and  margarine  and  oleine  are 
left  in  solution.  A  repetition  of  the  process  purifies  it. 
It  is  a  white  body,  insohtble  in  water  and  cold  alcohol, 
fusing  at  140° ;  when  saponified  it  yields  glycerine  and 
steano  acid. 

Stearic  A.oi<l  {  CggJ^j  O.j-^SO')  may  be  obtained  by 
decomposing  a  soluble  stearine  soap  by  tartaric  acid, 
and  pm-ifying  the  product  by  solution  in  boiling  alco- 
hol, from  which  it  separates  in  crystalline  flakes.  It  ia 
white,  inodorous,  and  tasteless;  fuses  at  160°,  reddens 
litmaa,  may  be  distilled  in  vacuo,  but  is  decomposed  by 
a  high  heat  in  the  open  air.  It  forms  monobasic  and 
bibaaic  saJts, 

Margarine  { CjogjB^oi  *^is)  '^  best  obtained  from  olive 
oil  by  cooling  it  to  32°,  pressing  out  the  oleine,  and  dis- 
solving the  residue  in  boiling  alcohol,  from  which  the 
margarine  separates  in  pearly  crystals. 

MdrgaHc  Add  {G^iSs^O^+SO)  is  obtained  by  de- 
composing the  soap  of  olive-oil  and  potassa  by  acetate 
of  lead  or  chloride  of  calcium.  The  oleate  and  marga- 
rate  of  lead  or  lime  is  formed,  the  oleate  is  extracted 
by  cold  ether,  and  the  remaining  margarate  decomposed 
by  dilute  hydroohlovio  or  nitric  acid.  It  crystalHzes  in 
white  needles,  the  melting  point  being  140°. 

Oleine  (Ol■^iH'■^Q^O^^). — When  almond  or  rape  oil  ia 
dissolved  in  ether,  and  the  solution  exposed  to  a  low 
teraperatore,  the  margarine  crystallizes,  and  oleine  may 
be  obtained  by  evaporating  the  ether.  It  remains  liq- 
uid at  a  temperature  of  0°. 

OMo  Acid  ( t?3i5-ff|3  0-i)  is  obtained  from  oleine  by  sa- 
ponification and  decomposition  with  hydrochloric  acid, 
as  in  the  foregoing  instances.  It  solidifies  at  about  50°, 
and  gives  rise  to  a  series  of  salts. 

Margarone  {G^^^M^^O^. — ^When  a  mixture  of  mar- 
garic  acid  and  hme  ia  distilled  this  aubatance  is  formed, 

How  may  BWaiino  and  stearic  acid  be  obtniiiedf  How  may  mar- 
garine and  inargario  add  be  obtained?  Desciibe  the  prepai'atioii 
of  oleino  and  oleic  acid.     What  is  margarone  P 
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and  cavbonio  acid  separates.  It  is  a  white  solid,  like 
spermaceti,  and  melts  at  170". 

Glyceni%e  (O^IfgO^)  arises  when  any  fatty  matter  is 
saponified  wicli  potassa,  tlie  soap  being  decomposed  by 
tartaric  acid  and  the  glycerine  dissolved  out  by  alcohol. 
It  is  a  sweet,  colorless  iiqdd,  specific  gravity  1.28,  sol- 
uble in  water  and  alcohol,  but  not  in  ether.  It  is  not 
susceptible  of  vinous  fermentation,  bat  when  left  for 
some  months  in  a  warm  place  it  produces  l^c^ionie 
Acid.  Mixed  with  sulphuric  acid,  the  two  bodies  unite, 
and  Bid^koglycerio  Add  {OgH^0Ti-2,S0g)  is  the  re- 
salt,  an  aoid  having  many  analogies  with  sulphoviuic.  A 
corresponding  Pho^hoglyceric  Acid  is  said  to  exist  in 
the  brain  and  yolk  of  egg.  When  glycerine  is  dropped 
into  equal  parts  of  strong  nitric  and  sulphuric  acids, 
NiProgiycerine  {GsSg(JV0^2^^>  ^  ^^''Y  explosive  and 
poisonous  body,  is  formed. 

J'alm  Oil  is  brought  from  Africa,  and  is  used  in  the 
inanafacture  of  yellow  soap.  It  is  of  a  reddish-yellow 
coloi',  and  contains,  besides  oleine,  a  solid  fat,  Palmitine. 
It  is  insoluble  in  water,  slightly  soluble  in  hot  alcohol, 
but  very  soluble  in  ether.  Its  melting  point  is  118". 
By  saponification  and  decomposition  with  an  acid  it 
yields  Palmitia  Acid,  the  melting  point  of  which  is 
140°.     It  is  a  bibasic  acid. 

Cocoa  Tallow. — A  solid  fat  obtained  from  the  cocoa- 
nat,  and  used  in  the  manufacture  of  candles.  Its  oleine 
and  stearine  may  be  separated  by  pressure  or  by  boil- 
ing alcohol,  from  which  the  steadne  crystallizes  on 
cooling. 

Among  other  fatty  substances  and  allied  bodies  may 
be  mentioned  Niitmeg  Putter,  which  yields,  among 
other  products,  Myristioine,  and,  by  saponification.  My- 
ristic  Aeid.  Elaidine  arises  from  the  action  of  nitrous 
acid  on  oleine ;  it  farnishes,  by  the  common  process, 
Slaidie  Add.  Suberic  Add  arises  from  the  action  of 
nitric  acid  on  cork ;  Sticdnic  Add,  by  the  destructive 
distillation  of  amber,  or  by  the  continued  action  of  ni- 
tric on  stearic  acid ;  Sebada  Acid,  by  the  destructive 
distillatioif  of  oleic  acid.    Putyrine,  Gaproine,  and  Co- 

When  does  glycerine  arise' 
Desciibe  palm  oil.  Wlial  is  i 
^iibstnnces  nnd  allied  bodies. 
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}mne,  which  are  contained  in  butter,  yield,  by  saponifi- 
catioQ  and  decompoBition,  Sutyric,  Gaproic,  and  Caprie 
A.cids.  Butyric  acid  can  be  made,  as  we  have  seen,  art- 
ificially by  fermentation,  ^ees'  Wax  is  a  mixture  of 
three  bodies — Myridne,  insoluble  in  alcohol ;  Cerine^  de- 
posited in  ci-ystais  as  the  solution  cools ;  and  Ceroleine, 
which  is  retained  in  solntiou.  Vegetable  wax  is  yield- 
ed by  the  Myrica  Ceffifera  and  some  other  trees.  Sper- 
maceti  is  obtained  irom  certain  species  of  whales; 
it  yields,  under  the  process  for  glycerine,  a  substauce, 
Eihal;  and  this,  under  the  action  of  hot  potasaa,  gives 
Ethalic  Acid,  with  evolution  of  hydrogen  gas.  Choles- 
terine  is  obtained  from  biliary  calculi;  it  also  occurs  in 
the  substance  of  the  brain. 

The  Volatile  OiLS.-^Theae,  for  the  most  part,  are 
found  in  plants,  or  are  derived  from  them  by  simple  pro- 
ceases.  Many  of  them  are  extensively  used  in  the  arts 
in  the  manufacture  of  varnishes,  and  others  in  the  prep- 
aration of  perfumery.  Their  solutions  in  alcohol  form 
Mssenees,  and  in  water  Medicated  Watei-s.  They  are 
commonly  obtained  by  the  distillation  of  those  parts  of 
the  plants  in  which  they  occur  with  water,  and  consist 
of  two  substances — a  solid  portion,  or  StmToptene,  or 
camphor,  and  an  Elatoptme,  or  tme  oil.  The  former  is 
an  oxyhydrocarbon,  the  latter  a  hydrocarbon.  The  vol- 
atile oils  may  be  divided  into  groups  according  to  their 
constitution. 

Yolaiile  Oils  containing  Carbon  and  Hydrogen. 

.T[irpenSine.  I  Bcrgamolte. 

Citron.  Cubebs. 

Copaivn.  Etc. 

St^rax.  I 

Volatih  OUs  containin;/  Curboti,  Hydrogen,  Oxygen. 

CajepnI.  I  I'tniiiioi  il. 

Lavender.  Vi,l  in  i 

Rosemary,  ^1    iiniint 

Pepperminf.  ]  P  tc 

Yotatilc  Oils  contaimng  fiulphui 

Black  Mustard.  I  Onions 

Horseradisli.  |  Asflfostida. 

What  is  bees' n-nx?  What  la  speimaeeti?  Of  iWiat  use  are  the 
volatile  oils  ?  What  sxe  essences  and  medicated  waters  ?  What  is 
meant  by  stearoptene  and  elaioptene  ?  What  nre  the  gioupa  of  vol- 
atile oils  ? 
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Of  the  first  group,  Oil  of  Turpentine  may  be  taken  as 
the  type ;  the  elementary  oompoBition  may  be  regarded 
as  (  G^JI,),  It  is  principally  procured  from  North  Caro- 
lina, and  is  resolved  by  distillation  into  the  volatile  oil 
and  YeUota  Jtosin.  Artificial  Camphor  is  made  by  pass- 
ing dry  hydrochloric  acid  gas  into  oil  of  turpentine:  its 
constitution  is  {C^Hi^-^-HCl). 

The  stearoptens  or  camphors  originate  in  several  dif- 
ferent waya;  sometimes  by  tbe  oxidation  of  the  oils 
from  which  they  are  derived,  sometimes  they  are  hy- 
drates of  these  oils,  and  sometimes  they  are  isomeric 
with  them.  The  etearoptens  are  best  represented  by 
common  camphor,  which  is  extracted  from  the  Laurua 
Camphora  of  Japan,  China,  and  Java  by  distillation 
with  water.  It  is  a  white,  tough,  and  semi-transparent 
mass ;  specific  gravity  .990 ;  fuses  at  370°,  boils  at  400°, 
and  may  be  distilled  without  decomposition.  It  vapor- 
izes at  common  temperatures,  and  its  motion  toward  tbe 
light  has  been  made  the  subject  of  interesting  research- 
es by  Professor  J.  W,  Draper. 

Of  the  oils  containing  sulphur,  the  oil  of  black  mustard 
seed  (  C^H^N'S^  is  a  good  example :  it  arises  from  tbe  ac- 
tion ofmyrosine  upon  sinapine  in  the  presence  of  water. 
It  has  been  regarded  as  the  sulphocyanide  ai  AUyl  (C^ 
S^.     Oil  of  Garliois  an  oxide  and  sulphide  of  ally!. 


LECTURE  LXXXVII. 
The  Resins,  Balsams,  and  Bodies  akesing  in  Db- 
STEtfCTiTE  Distillation, — Mosin.  —  Shdlao. — A.m- 
her. —  Caoutchouc, —  Vulcanization. —  Giitta  Percha. 
— Products  of  the  JDestruotive  DistiUation  ofWooS. 
— Tar.  — Pitch. — Paraffine. — Creosote.  — Pestruetive 
PistiUation  of  Coal. — Coal  Oil. — Carbolic  Acid. — 
Products  of  Slow  Decay. — Th&Yarietics  of  Coal. — 


Thb  resins  are  bodies  in  many  respects  analogous  to 
the  camphors,  but  ai'e  distinguished  from  them  by  the 

What  is  the  eompositioil  of  oil  of  turpentine  ?  How  do  the  cam- 
phors originate?  Describe  common  camphor.  Whtit  singular  rela- 
tion has  it  to  light?  What  is  the  cotnposilion  of  oil  of  mustard? 
What  aiu  the  resins? 
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cii'caniBtance  tliat  they  are  not  volatile  withoiit  decom- 
position. In  many  instances  they  act  as  acids ;  they  all 
contain  oxygen. 

Cokyphony  {Common  Jiosin)  ia  a  mixed  resin,  ob- 
tained by  the  distillation  of  turpentine  with  water,  the 
oil  of  turpentine  pMsing  over.  It  ia  a  mixture  of  two 
resins,  I^nio  and  Sihic  Acids,  which  may  be  separated 
by  cold  alcohol,  ia  which  the  latter  is  insoluble. 

Gum  Xac,  which  is  one  of  the  resins,  occurs  under 
three  forms — shell  lac,  stick  lac,  and  seed  lae.  It  is  used 
in  the  preparation  of  lacquers,  and  is  the  chief  ingredient 
in  sealing-wax.  Among  other  resins  may  be  mentioned 
Copal,  Mastic,  Dragon^  Blood,  Gamboge,  Sandarac, 
and  Dammar. 

Amber  is  a  substance  belonging  to  this  class.  It  is 
found  in  beds  of  bitnminous  wood,  and  often  incloses  in- 
sects in  a  state  of  beautiful  preservation.  Its  specific 
gravity  ia  about  1.0'?.  By  distillation  it  yields  succinic 
acid, 

Caotttchouo — Jndia  Ituhher-—Gum  Elastic — is  the 
produce  of  the  Jatropha  Elastica,  the  Urceola  Elastica, 
and  several  other. tropical  trees.  It  is  found  in  small 
proportion  m  the  poppy,  lettuce,  euphorbium,  and  other 
plants  having  a  viscid,  milky  sap.  The  fresh  juice  is  a 
yellow,  milky  fluid,  which,  when  exposed  to  warm  air, 
forms  an  elastic  deposit  of  a  dark  color.  Caoutchouc  is 
a  hydrocarbon,  having  the  composition  C^Ht 

In  its  ordinary  state  it  hardens  at  low  temperatures, 
but  does  not  become  brittle ;  melts  at  250°,  and  does 
not  regain  its  former  state  on  cooling.  It  is  softened 
iHjd  dissolved  by  ether,  chloroform,  bisulphide  of  car- 
bon, oil  of  turpentine,  and  coal  naphtha.  By  the  process 
of  vulcanizaiion,  in  which  it  is  subjected  to  the  action 
of  sulphur  at  a  temperature  of  about  300°,  it  is  so  modi- 
fied that  it  resists  the  action  of  its  ordinary  solvents,  and 
retains  its  pliability  at  both  low  and  high  temperatures. 
A  hard  compound  of  sulphur  and  rubber  is  called  Ebon- 
He.  A  large  quantity  of  silicate  ofmagnesiain  fine  pow- 
der is  sometimes  incorporated  with  the  rubber  before 

How  is  common  i-osiu  obtained?  WTiatare  the  forms  of  gnm  lac? 
What  is  amber  ?  What  is  tlie  sonrce  of  caoutchouc?  "What  are  its 
properties?  Describe  the  process  of  vulcaniistion.  Of  what  use  is 
tlie  silicate  of  magnesia  in  vulcanization? 
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vulcanization,  to  give  a  smooth  and  uon-adherent  sur- 
face. Marine  Glue  is  made  by  dissolving  a  mixture  of 
caoutchouc  and  shell  lac  in  coal  naphtha, 

Chitta  FercliQ,  is  closely  allied  to  caoutchouc,  and  is 
produced  by  the  Isonandra  Percha,  a  tree  abounding  in 
the  islands  of  the  Eastern  Archipelago.  It  is  a  tough, 
unyielding,  fibrous  substance,  of  a  black  or  brown  color. 
When  softened  in  hot  water  it  admits  of  being  mould- 
ed, and  hardens  again  on  cooling.  It  is  an  excellent  in- 
sulator for  submarine  cables,  and  ia  applied  to  many 
puTOoses  in  the  arts, 

Gujt  Resins  are  natural  mixtures  of  gum  and  resin, 
and  often  include  volatile  oils. 

Balsams  are  compounds  ofresina  with  volatile  oils: 
Bome  of  them  also  contain  benzoic  or  cinnamic  acid. 
Some,  as  benzoin,  ai^e  solid ;  others,  as  Balsam  of  Tohi 
and  Pefi'u,  and  Canada  J}alsam,  are  viscid  fluids. 


When  wood  ia  submitted  to  distill.ition  in  close  ves- 
sels, a  thick,  black,  inflammable  liquid,  Tar,  ia  formed. 
It  contains  a  great  many  remarkable  bodies,  among 
which  the  following  may  be  mentioned.  The  solid 
black  residue  which  is  left  after  the  distillation  or  iu- 
spissation  of  tar  is  Pitch. 

Paraffne  i^GM)  was  originally  discovered  among  the 
products  of  distillation  of  wood-tar,  but  is  more  abund- 
antly obtained  from  the  distillation  of  bituminous  schists 
and  petroleums.  It  is  a  crystalline  solid,  without  taste 
or  odor.  Its  specific  gravity  is  ,87,  melts  at  112°,  an^ 
distills  unchanged.  Few  chemical  agents  act  upon  it ; 
it  remains  unchanged  by  the  acids,  alkalies,  etc.,  but  is 
soluble  in  tnrpentine  and  naphtha.  From  its  chemical 
indifierence  it  has  obtained  its  name  {Parum  Affi/nis). 
It  is  used  in  the  manufacture  of  candles,  and  as  a  sub- 
stitute for  wax. 

Mipioii  (C^S'e)  occurs  abundantly  in  animal  tar, 
from  which  it  may  be  prepared  by  distillation,  and  sub- 
Whence  cJoes  gutta  percha  come?  Hoiv  mnv  it  be  moulded? 
What  ai-e  balsams?  What  prodiicte  arise  from  the  deElructive  dia- 
tillatioQ  of  wood?  What  is  parafiine?  What  arc  its  pTOpertieii ? 
Why  is  it  so  called  ?    How  is  eupion  prepared  ? 
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sequently  puriSed  by  rectification  from  sulphuric  acid. 
From  paraiEne  it  may  be  separated  by  exposure  to  cold, 
or,  being  more  volatile,  by  distillation.  It  is  a  colorless 
liquid,  specific  gravity  .0?4,  boils  at  339°,  insoluble  in 
water,  but  very  soluble  in  alcobol, 

Creasote  (Cia^mOa)  is  extracted  from  the  heavy  oil 
of  tar  by  a  complicated  process.  It  is  an  oily,  colorlesa 
liquid,  of  bummg  taste,  eshaliDg  an  odor  of  wood- 
smobe ;  specific  gravity  1.04 ;  boib  at  400 ;  burus  with  a 
sooty  flame ;  is  sparingly  soluble  in  water,  but  very  sol- 
uble in  alcohol,  ether,  benzole,  and  acetic  acid.  It  has 
the  remarkable  property  of  coagulating  albumen  and 
preserving  flesh  from  putrefactive  changes,  whence  its 
name.    It  is  useful  in  toothache. 

Among  the  allied  substances  maybe  mentioned P/e«- 
mar,  au  oily  liquid,  of  a  bitter  taste,  -which  boils  at  518°, 
and  combines  with  bases  to  form  ciystalline  compounds. 
Kapnomm;  a  colorless  liquid,  having  an  odor  of  rum  ; 
boils  at  360°,  and  forms  with  oil  of  vitriol  a  pui-ple  so- 
lation.  OedrxTet,  which  forma  red  crystals,  giving  with 
creasote  a  pm-ple  solution,  and  with  sulphuric  acid  a 
blue.  PiUak<A,  a  dark  blue  solid,  yields  blue  precipi- 
tates with  metallic  salts,  and  contains  nitrogen. 

When  coal-tar  is  submitted  to  distillation,  like  wood- 
tar  it  yields  a  volatile  oil,  which,  by  being  submitted  to 
rectification,  becomes  Coal  Oil,  or  Artijicial  Naphtha. 
From  it  a  variety  of  substances  may  be  extracted ;  they 
either  pre-exist  in  the  oil,  or  are  ibrmed  by  the  opera- 

Naphthaiine  (CaijJS^),  obtained  by  distillation  of 
coal-tar,  is  a  white,  crystalline  substance ;  melts  at  1  ^6°, 
boils  at  420°,  specific  gravity  1.05,  exhales  an  odor  like 
the  narcissus,  is  combustible,  insoluble  in  water,  solu- 
ble in  ether  and  alcohol.  It  dissolves  in  sulphuric  acid, 
and  the  solution,  on  being  diluted  with  water  and  satu- 
rated with  carbonate  of  baryta,  yields  a  salt  containing 
SulphonaphthaliG  Acid  {C^^II^S^Os+MO). 

PaTanaphthaline  (Cgp-Sia)  is  associated  with  naph- 
thaline, but  difiers  from  it  in  being  insoluble  in  alcohol, 
by  which  liquid  they  may  therefore  be  separated. 

What  are  the  properties  of  crenaote?  Deeeribe  some  of  the  allied 
Eubstances.  Hoiv  is  coal  oil  produced  ?  Describe  naphtiialine. 
How  does  paraiiBphtlialino  (liflfev  from  it  ? 
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Carbolic  Acid—Phenylio  Acid  (0^^11^0+110)— is 
found  in  that  portion  of  oil  of  tar  wliicli  boils  between 
300°  and  400°.  Thia,  being  agitated  witli  potassa,  and 
tlie  result  decomposed  by  an  acid,  fields  carbolic  add, 
■whicli  may  be  purified  by  rectification  from  caustic  po- 
tassa. The  pure  acid  forma  a  colorless,  deliquescent, 
crystalline  mass,  fusing  at  95",  and  passing  into  vapor  at 
370°.  It  has  a  smoky  odor,  an  acrid  taste,  and  the  an- 
tiseptic properties  of  ereasote.  It  is  much  used  as  a 
disinfectant,  and  has  a  singular  power  in  increasing 
friction ;  it  is  useful  in  boring  glass. 

When  woody  matter  is  gradually  decomposed  by  con- 
tact with  ail-  and  moiatuve,  Geine,  mmntta,  and  XJlmine 
are  produced.  They  arise  from  a  partial  oxidation,  at- 
tended by  the  production  of  carbonic  acid  and  water, 
the  action  being  originally  occasioned  by  nitrogenized 
matter  ia  the  wood.  Corrosive  sublimate,  or  any  other 
body  possessing  the  power  of  cheeHng  ferment  action, 
may  therefore  be  reaorted  to  for  preventing  the  dry  rot 
of  wood.  Theao  brown  bodies,  which  are  found  in  soils 
and  moulds,  combine  with  alkalies,  and  have  been  de- 
scribed as  Geie,  Mumio,  and  JTlmic  Adda.  When  the 
access  of  air  is  for  the  most  part  cut  off,  nlmine,  etc.,  do 
not  appear  alone,  but  with  them  many  other  substances 
of  the  family  of  the  hydrocarbons  arise.  Besides  these, 
in  the  formation  of  vegetable  soil  and  tui-f,  faotiaed 
acids,  such  as  Orenio  and  Apocf&iic,  appear.  These 
originate  in  the  decay  of  the  nitrogenized  constituents 
of  uie  wood,  an  action  which  probably  precedes  its  gen- 
era! disorganization.  They  are  often  found  in  mineral 
springs  in  combination  with  oxide  of  iron,  forming 
oehery  stains. 

There  is  abundant  proof  that  all  the  varieties  of  coal 
have  originated  from  woody  fibre.  For  the  production 
of  these  it  seems  necessary  that  the  wood  should  be  im- 
mersed in  water  at  a  moderately  high  temperature,  aiid 
without  free  contact  of  air.  The  nlmine  bodies  form 
from  the  decay  of  \/ood  at  the  surface  of  the  earth ;  the 
coal  bodies  under  a  heavy  pressure.     Of  them  we  have 

How  ig  carliolic  acid  made  ?  What  are  its  pvoperlies  ?  Why  is 
it  useful  for  boring  glfss?  When  do  geine,  humnB,  and  ulraine 
ttvise?  How  may  woolly  matter  ba  preserved?  WTint  other  bodies 
(io.Boil  ivnd  tiitf  contain  ?     What  is  tlio  origin  of  ooal  ? 
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many  varieties,  differing  much  in  constitution.  Lignite 
ia  of  a  brown  color,  and  in  it  the  structure  of  the  wood 
is  more  or  less  perfectly  preserved ;  the  various  forms 
of  HUvminoits  Coal,  as  cannel  coal,  etc. ;  Anthracite, 
which  contains  but  little  hydrogen. 

The  essential  elements  of  coal  are  carbon  and  hydro- 
geQ,but  it  also  contains  oxygen,  nitrogen,  sulphur,  and 
various  mineral  matters,  constituting  the  in  combustible 
ash,  chiefiy  silicious  matter  and  unburat  carbon,  with 
carbonate  of  lime  and  oxide  of  iron. 

Bitumen,  Asfhaltum,  Pbteoleitm,  are  substances 
closely  allied  to  coal,  Blaoy  binds  of  coal  may  be  re- 
garded as  carbonaceous  matter  impregnated  with  bitu- 
men, and  Bituminous  Schists  are  earthy  compounds 
simiisrly  impregnated. 

Asphaltum  may  be  taVen  as  the  type  of  the  bitumens. 
It  occurs  on  the  shores  of  the  Dead  Sea,  in  Trinidad,  and 
many  other  places.  It  has  a  dart  brown  or  black  color, 
resinous  fracture,  bums  with  a  smoky  flame,  is  soluble 
ia  alcohol,  ether,  and  benzole.  Mixed  with  lime,  chalk, 
sand,  etc.,  it  is  used  for  pavements  and  water-proof  ce- 
ments. 

Petroleum,  a  fluid  substance  found  in  America  and 
the  Burmese  Empire  to  an  enormous  extent,  and  used 
as  a  fuel  and  for  illumination,  arises  probably  from  the 
distillation  of  bituminous  coal  and  shales  by  the  interaal 
heat  of  the  earth.  The  annual  production  of  the  Ran- 
goon wells  in  Barmali  is  400,000  liogsheads ;  80,000,000 
of  gallons  were  thrown  ont  by  the  wells  in  the  United 
States  in  1863.    It  is  also  found  in  many  other  localities. 

Tiie  wells  in  the  United  States  are  sunk  from  100  to 
450  feet  through  the  sandstones  of  the  Devonian  series, 
or  the  coal  measnros  which  overlie  these  strata.  In 
Canada  the  oil  is  found  in  shales  and  limestones.  The 
quantity  thrown  out  by  some  of  these  wells  in  a  day  has 
exceeded  2000  barrels  of  forty  gallons.  In  many  the 
aid  of  Bteam-pump»is  required. 

Petroleum  may  be  regarded  as  a  compound  of  various 

What  nre  tlie  Tarietiea  ofconl?  What  is  the  composition  of  coal? 
What  substances  are  lUlied  to  coal?  Where  is  Msphaltiim  found? 
Where  does  petroleum  occur  most  extensively  ?  What  is  the  annual 
pvoducdon?  In  what  formation  IB  the  oilfonnd?  What  is  the  com- 
posiiion  of  petroleum  ? 
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hydrocarbonB  boiling  at  different  temperatures.  When 
BubJQctod  to  fractional  distillation  it  yields  Bensiiie,  used 
by  painters  as  a  substitute  for  tiu-pentine;  ^erosme,  em- 
ployed for  illuminating  purposes ;  JJuh'tcating  Oih  of 
greater  specific  gravity,  and  Paraffine. 


LECTURE  LXXXVIII. 
Animai  Chemistry. — Tlte  Animal  System  changes 
incessantly. —  C'ltemical  Processes  interior  to  it. — 05- 
Ject^  of  Digestion. — Description  of  the  Process. —  Va- 
rieties ofM)od. — Absorption  into  the  System  hyLac- 
teals  and  Veins. 

In  tbe  preceding  Lectures  I  Iiave  given  the  deecrip- 
tive  history  of  many  of  the  more  important  organic 
compounds,  and  chiefly  those  belonging  to  or  derived 
from  the  vegetable  kingdom.  It  remains  noiv  to  men- 
tion another  class,  which  seems  to  bear  a  closer  relation 
to  animal  beings.  The  appearance  and  destruction  of 
these  compounds  lead  by  ready  steps  to  tbe  considera- 
tion of  the  physiolo^cal  functions  of  the  animal  mech- 

TJieie  ai'e  certain  causes  which  tend  constantly  to 
change  the  weight  of  an  adult,  healthy  individual — 
causes  of  increase  and  causes  of  diminution.  Among 
the  former  may  be  mentioned  food,  drink,  and  atmos- 
pheric air;  among  the  latter,  urine,  fseces,  transpired 
and  expired  matters ;  and  these,  in  tbe  course  of  a  year, 
amount  to  many  hundred  pounds,  yet  the  resnlting  ac- 
tion of  the  mechanism  is  sucb  that  at  the  end  of  that 
time  the  weight  remains  unchanged, 

This  fact,  the  constancy  of  adult  weight,  can  there- 
fore only  be  explained  by  an  examination  of  the  action 
of  the  matter  introduced  into  the  interior  of  the  system 
on  each  other,  and  an  examination  of  the  matter  re- 
turned. Whatever  is  fit  for  food,  when  burned  in  the 
open  air,  with  free  access  of  oxygen,  must  yield  car- 

What  Bnbstances  may  be  obtained  from  petrolenm  7  Wh  j  should 
the  weight  of  an  individual  chance?  What  is  the  amount  cou- 
flnmed  and  Beoroicd  in  a  year?  What  ia  the  explanation  of  con- 
stancy of  waight  ? 
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bonio  acid,  water,  and  ammonia  ;  and  there  are  also  the 
results  of  the  action  of  tb3  animal  mechanism,  as  is 
shown  by  analyzing  the  excretions.  Oxygen,  intro- 
duced by  the  respiratory  process  through  the  lungs,  ef- 
fects eventually  the  destruction  of  the  hydrocarbons 
and  nitrogeniaed  bodies  which  have  been  introduced  by 
the  digestive  apparatus,  and  carbonic  acid,  ammonia,  and 
the  vapor  of  water,  or  substances  in  a  transition  state, 
which  tend  eventualiy  to  assume  those  forms,  are  the 
results.  An  elevated  temperature  must  also,  as  a  con- 
sequence, be  obtained. 

Before  the  introduction  of  chemical  principles  into 
the  science  of  physiology,  it  waa  a  favorite  idea  that 
the  animal  system  possessed  the  peculiarity  of  resisting 
the  influence  of  external  agents.  This  is  an  error. 
There  is  no  essential  difference  between  the  physical 
effects  taking  place  in  the  body  during  life  and  after 
death,  nor  is  there  any  principle  of  resistance  to  exter- 
nal agents  possessed  by  living  structures.  The  only 
distinction  is,  that  during  life  the  effete  materials  pass 
off  by  appointed  routes — the  kidneys,  the  lungs,  or  the 
skin;  while  after  death,  these  passages  being  closed, 
they  accumulate  in  the  interior  of  the  body. 

The  matters  returned  by  an  animal  to  the  external 
world  are  all  found  to  be  oxidized  bodies,  or  such  as 
arise  from  processes  of  oxidation.  The  result,  there- 
fore, is  forced  upon  us  that  the  primitive  action  of  the 
mechanism  is  the  oxidation  of  the  food  in  the  system 
by  air  which  has  been  introduced  by  the  lungs. 

The  process  of  digestion  appears  to  Tte  exclusively 
for  the  object  of  effecting  the  minute  subdivision  of  the 
food.  By  the  action  of  the  teeth,  or  other  organs  of 
mastication,  it  is  first  roughly  divided,  and  simultane- 
ously mixed  with  saliva.  It  is  then  passed  into  the 
stomach,  and  in  that  organ  mixes  with  the  gastric  juice, 
a  viscid  and  acid  body.  This  mixture  is  perfected  by 
certain  movements  which  the  food  now  undergoes,  and, 
under  the  conjoint  action  of  the  saliva  and  the  gastric 
juice,  it  is  broken  down  into  a  gray,  semi-fluid,  homo- 

What  is  the  cause  of  animal  lieat  ?  Is  an  animal  emancipated 
from  the  iaflaence  of  external  asrents?  Whab  becomes  of  food  in- 
troduced into  the  body  ?  What  is  the  object  of  digestion  ?  What 
fluids  act  on  the  food  ? 

X 
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geneous  mass,  of  the  consistency  of  cream  or  grucl.  A 
part  of  this,  called  the  Chyme,  passes  out  through  the 
pyloric  orifice  of  the  etomach  and  enters  the  intestine, 
and  a  part  is  absorbed  by  the  veins  of  the  stomach. 

It  has  been  a  question  whether  artificial  digestion 
could  be  performed,  but  it  now  appears  to  be  univer- 
sally admitted  that  an  acidulated  water,  containing  ani- 
mal matter  in  a  state  of  chauge,  has  the  power  of  im- 
pressing analogous  changes  on  organized  substances 
submitted  to  its  action,  just  as  the  gaetrio  juice,  con- 
taining hydrochloric  or  lactic  acid,  with  ^j^sjm,  an  ani- 
mal material  undergoing  metamorphoBis,  pc 
power  of  dissolving  fibrin  or  coagulated  albr 

Soon  after  its  entrance  into  the  intestine,  the  chyme 
is  mixed  with  bile,  pancreatic  juice,  and  the  intestinal 
juices,  and  those  parts  which  have  escaped  solution 
previously  are  digested.  The  valuable  portions  are 
then  absorbed  by  certain  organs  in  the  intestine  called 
Xacteals,  and  thrown  into  the  eun-ent  of  the  circulating 
blood. 

Before  we  can  trace  the  changes  which  then  occur,  it 
is  proper  to  remark  that,  as  respects  the  food  itself,  it 
may  be  distinguished  into  two  varieties :  1st.  Nitrogen- 
ized  food,  or  that  ■which  repairs  the  tissues;  and,  2d. 
Calorifacient  food,  or  that  used  solely  to  produce  heat. 

The  nutritive  processes  of  carnivorous  animals  are 
very  simple ;  they  live  on  the  herbivora,  and  find  in  the 
carcasses  they  consume  the  fats,  the  fibrin,  and  other 
such  bodies,  which  are  necessary  for  their  own  econo- 
my; these,  therefore,  simply  require  to  be  brought  into 
a  state  of  solution,  or. of  extreme  subdivision,  and  then 
are  carried  into  the  blood.  In  these  cases  the  fats  are 
the  calorifacient,  the  muscles,  etc.,  the  nitrogeniaed  ele- 
ment. 

But  the  herbivora  find  in  the  vegetable  matters  they 
use  the  same  essential  principles ;  their  fibrin,  albumen, 
and  fats  are  obtained  directly  from  plants  in  which  they 
natm-ally  occur.  In  the  digestive  process  of  the  two 
great  classes  of  animals  there  is  not,  therefore,  in  reali- 

Wbat  ia  the  chyme?  How  may  artificial  diRBStion  be  performed? 
Wliat  is  accomplished  in  the  intestine?  What  variotiea  of  food  sve 
there ?  Why  is  the  digestion  of  tho  carnivoia  simpler  than  thai  of 
the  herbivora  ? 
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ty,  any  difference ;  both  find  in  tLeir  food  the  elementa 
they  require. 

The  two  classes  of  food  are  introduced  into  the  sys- 
tem by  different  routes  —  the  fatty  roatters  passing 
through  the  laeteals,  aud  tho  nitrogenized  and  com- 
pletely dissolved  bodies  being  taken  up  by  the  veins  of 
the  etomacli  and  intestines. 


LECTURE  LXXXIX. 
OEicm  AND  Destiny  of  the  Fats  and  Neutral  Ni- 
TEOGENizBD  EoTuffiS. — J^t  may  be  made  in  the  Ani- 
mal  System. — Is  generally  derived  direcUy  from  the 
Mod. — Object  of  Calonfacieyit  Food. —  2^e  Nitro- 
genized Bodies.  —  Mhrin.  —  Albumen.  —  Casein.  — 
The  P>rotein  Groitp, — Food  is  Oxidised  in  the  Body. 
Fats. — Two  opinions  have  been  entertained  respect- 
ing the  origin  of  the  fat  which  occurs  in  the  adipose 
tissues  of  animals :  1st.  It  has  been  supposed  to  be  pro- 
duced by  processes  taking  effect  in  the  system ;  or,  2d. 
Simply  collected  from  the  food, 

In  many  various  processes  fatty  bodies  arise.  Tlius, 
when  muscular  tissue  is  Jeft  in  a  stream  of  water,  a 
mass  of  adipocire  is  eventually  fonnd.  Dui-ing  the  ac- 
tion of  nitric  acid  on  fibrin,  and  in  the  preparation  of 
oxalio  acid  from  starch,  oily  bodies  are  produced.  If  a 
solution  of  sugar  be  mixed  with  powdered  chalk,  and  a 
portion  of  casein  added,  on  keeping  the  mixture  at  80° 
for  some  weeks,  buiyraie  of  lime  is  formed,  with  the  ev- 
olution of  carbonic  acid  and  hydrogen. 

But,  though  the  power  of  forming  oily  from  amyla- 
ceous bodies  be  possessed  by  the  animal  mechanism, 
there  can  be  no  doubt  that  it  is  not  resorted  to  in  many 
instances,  and  that  the  fats  found  in  the  system  are  di- 
rectly absorbed  from  the  food.  Often  this  absorption 
takes  place  with  so  slight  a  change  impressed  on  the 
oil,  that,  without  difficulty,  we  can  detect  its  presence 
by  the  odor  or  taste.  Thus  the  miik  of  cows  fed  on 
How  does  tho  food  get  into  the  body?  What  is  the  origin  of  the 
fat  of  animals?  How  is  adipocire  produced?  When  docs  bulyiic 
acid  arise?    What  is  the  most  probnhle  source  of  fat? 
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linseed  cake  tastes  strongly  of  that  substance ;  am.1  at 
those  seasons  of  the  year  when  such  animals  feed  on 
young  shoots  or  leaves  containing  odoriferous  oils,  as 
the  onion,  the  taste  is  at  once  detected  in  the  milk. 

The  deposition  of  fat  upon  an  animal,  and  the  produc- 
tion of  butter  in  its  milk,  bear  a  certain  relation  to  the 
amount  of  oleaginous  matter  in  its  food.  For  this  rea- 
son, Indian  corn,  which  contains  from  eight  to  twelve 
per  cent,  of  oil,  furnishes  one  of  the  most  valuable  arti- 
cles for  feeding  and  fattening  cattle.  It  must  be  admit- 
ted, however,  that  where  foods  without  fat  are  used, 
the  system  possesses  the  power  of  effecting  their  pro-' 
duction;  thus  bees  will  produce  wax  though  fed  upon 
pare  sugar,  and  animals  will  gi-ow  fat  though  eating  po- 
tatoea  alone. 

The  fats  which  occur  in  plants  pass  into  the  systems 
of  graminivorous  animals,  and  there  undergo  changes,  a 
series  of  partial  oxidations  occurring.  It  is  only  a  part 
which  is  completely  destroyed  at  once,  so  as  to  produce 
carbonic  acid  and  water.  The  residue  accnmulates  in 
the  cells  of  the  adipose  tissue3,-to  be  used  at  a  future 
time ;  or,  if  devoured  by  the  carnivorous  tribes,  is  des- 
tined to  undergo  in  them  those  snccessive  changes  which 
bring  it  back  to  the  condition  of  carbonic  acid  and  wa- 
ter, and  restore  it  to  the  atmosphere,  from  which  it  \?as 
originally  derived  by  plants. 

The  amylaceous  bodies  and  fats,  or  the  non-nitrogen- 
ized  bodies,  are  the  calorifa<!ient  food.  Their  sole  office 
is  to  nnite  with  the  oxygen  introduced  by  the  lungs, 
and,  by  the  production  of  carbonic  acid  and  water,  keep 
up  the  temperature  of  the  animal  system. 

The  principal  fatty  bodies  have  already  been  de- 
scribed, and  their  general  pi|opertiea  indicated. 

NiTKOGENizED  EoDiEs. — When  the  expressed  juices 
of  plants,  such  as  beets,  turnips,  etc.,  are  allowed  to 
stand,  there  is  deposited,  after  a  short  time,  a  coagulwm 
or  clot,  which  does  not  appear  to  differ  in  any  respect 
from  animal  Fibrin.  If  this  be  removed,  and  the  tem- 
perature of  the  juice  raised  to  212°,  it  becomes  turbid 
again,  from  the  deposit  of  a  second  body,  Albumen. 

GiTe  an  instance  in  the  case  of  the  con-.  Why  is  Indian  corn  val- 
uable for  feeding?  What  is  the  destiny  of  fats?  What  do  they 
produce  ?    Describe  what  occurs  on  warming  a  vegetable  juice. 
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Fll  IKIN.  — ALBU  JIEN, — CASEIN,  48  J 

On  eeparatiog  this  and  slowly  evaporating,  a  film  forms 
on  the  surface  identical  with  Oasdn.  These  three  bod- 
ies contain  nitrogen,"  and  may  therefore  be  looked  npon 
as  the  representatives  of  the  neutral  nitrogenized  claM. 

Fibrin  may  be  obtained  by  beating  fresh-drawn  blood 
with  twigs,  and  washing  with  water  and  ether  the 
fibrous  filaments  which  adhere  thereto.  As  thus  pre- 
pared, fibrin  is  whitish,  elastic,  insoluble  in  water,  al- 
cohoi,  and  ether,  but  soluble  in  hydroehlorio  acid,  with 
which  it  yields  a  blue  solution.  It  possesses  the  power 
of  decomposing  dentoxide  of  nitrogen,  and  can  coaga- 
late  spontaneously.  When  dried  it  shrinks  very  much 
in  volame,  but  recovers  its  bulk  when  again  moistened. 

Albumen  occurs  abundantly  in  the  serum  of  blood 
and  the  white  of  eggs,  from  which  it  may  be  obtained 
by  neutralizing  the  associated  soda  with  acetic  acid. 
On  dilation  with  cold  water  it  falls  as  a  white  precipi- 
tate, soluble  in  water  containing  a  minute  quantity  of 
alkali.  Exposed  to  a  sufficient  heat,  albumen  coagulates, 
and  becomes  a  white  body  wholly  insoluble  in  water. 
The  strong  acids  also  unite  directly  with  it  and  form  in- 
soluble compounds ;  acetic  and  tribasic  phosphoric  acids 
are  exceptions.  With  metallic  salts,  as  corrosive  subli- 
mate, it  gives  insoluble  precipitates;  hence  its  use  as  an 
antidote  for  that  poison. 

Casein  is  found  abundantly  in  milk  as  cheese.  It  is 
insoluble  in  water,  but,  like  albumen,  is  readily  dissolved 
if  free  alkali  be  present.  It  may  be  obtained  by  coagu- 
lating milk  with  sulphuric  acid,  and  dissolving  the  curd, 
after  it  has  been  well  washed  in  water,  in  a  solution  of 
carbonate  of  soda.  By  standing,  it  separates  into  two 
portions,  oily  and  watery.  From  the  latter  the  casein 
is  reprecipitated  by  sulphnric  acid  and  the  process  re- 
peated. The  casein  is  finally  washed  with  ether  to  re- 
move any  trace  of  fat.  It  is  a  white  substance,  soluble 
in  an  alkaline  water,  the  solution  not  being  coagulated 
by  boiling,  but  a  skin  forming  on  the  surface  as  evapo- 
ration goes  on.  It  can,  however,  be  coagulated  by  cer- 
tain animal  substances,  as  the  interior  coat  of  a  calf's 
stomach.     Casein  can  dissolve  bone-earth. 

The  foregoing  bodies  are  sometimes  spoken  of  as  tho 
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I^otein  group,  from  the  circumstance  that  they  were  all 
supposed  to  be  modifications  of  protein  {dS'^t^ii^e)- 
It  may  be  extracted  from  them  by  dissolving  in  an  al- 
kaline solution  and  precipitating  with  an  acid.  It  is  a 
tasteless,  white  body,  soluble  in  acetic  acid  and  alkalies, 
but  insoluble  in  water.  This  theai-y  is  not,  however, 
generally  received  by  chemists,  the  best  authorities  re- 
garding the  constitution  of  albumen  as  {(J^i^jyiggO^g 

Gdatin  is  obtained  by  the  action  of  boiling  water  on 
hide,  hoofs,  horas,  etc.  The  solution  is  freed  from  fat 
by  straining  and  skimming.  It  forms,  on  cooling,  a  soft 
jelly,  which  contracts  as  it  dries.  Solution  of  gelatin  is 
precipitated  by  corrosive  sublimate,  tannic  acid,  or  infu- 
sion of  galls;  with  the  latter  it  yields  a  precipitate 
which  is  the  basis  of  leather.  Glue  is  an  impure  gela- 
tin. 

The  nitrogenized  bodies  introduced  into  the  system 
pass  through  the  same  changes  as  the  non-nitrogenized, 
partial  oxidations  giving  rise  to  various  tissue  forms,  and 
ending  in  perfect  oxidation,  with  a  production  of  water, 
ammonia,  and  carbonic  acid. 

Whether  we  regard  the  heat-making  or  the  nuti-itive 
food,  we  see  that  the  result  is  the  same.  Introduced 
through  the  blood-TOSsels  into  the  system,  it  is  brought 
under  the  destrnctive  influence  of  oxygen  arriving 
through  the  lungs ;  and,  as  has  been  already  explained, 
the  amount  of  oxygen  is  so  adjusted  to  the  amount  of 
these  classes  of  food  combined,  that  in  an  adult  and 
healthy  individual  the  weight  does  not  change,  even  aft- 
er the  lapse  of  a  considerable  period  cf  time. 

Describe  tlie  protein  theory.  How  inaj  gelatin  bo  prepared? 
Wliot  becomes  of  tlie  iiitrogcniied  bodies  in  the  Evstem  'i  How  is  it 
that  the  freight  of  the  indiiidual  does  not  change  ? 
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CIECULATION   OF  THE  BLOOD. 


LECTURE  XC. 

IsTBODucnoN  OP  Heat-making  and  Nutritious  Food 
INTO  THE  Blood,  and  it9  Tkansmisbion  thkough 
THK  System. — Professor  Draper's  Mx^lanation  of  the 
Circulation  of  the  Stood. — Constitution  andJProper- 
ties  of  the  Blood. — Fiasma  and  Disks. — function  of 
each. —  Coagulation. —  C  '"       "  "' 


The  ordinary  principles  of  capillary  attraction  are 
amply  eufflcient  to  acconnt  for  the  absorption  of  nutri- 
tious matter  from  the  digestive  cavities,  both  by  the 
lacteals  and  the  veins.  By  these  it  is  eventually  brought 
into  the  general  current  of  the  circulation,  and  distrib- 
uted to  every  part  of  the  system. 

With  respect  to  the  forces  involved  in  the  circulation 
of  the  blood,  most  physiologists  have  regarded  the  hy- 
draulic action  of  the  iieart  as  amply  sufficient  to  account 
for  all  the  phenomena.  It  is  now  on  all  hands  conceded 
that  this  organ  discharges  a  subsidiary  duty.  The 
whole  vegetable  creation,  in  which'  circulatory  move- 
ments of  liquids  are  actively  eaiTied  on  without  any 
such  central  mechanism  of  impulsion — the  numberless 
existing  acardiac  beings  belonging  to  the  animal  world — 
the  accomplishment  of  the  systemic  circulation  of  fishes 
without  a  heaii: — and  the  occurrence  in  the  highest 
tribes,  as  in  man,  of  special  circulations  which  are  iso- 
lated from  the  greater  one,  have  all  served  to  demon- 
strate that  wo  must  look  to  other  principles  for  the 
cause  of  these  remarkable  movements. 

The  cause  of  the  circnlation  of  the  blood  is  to  be 
found  in  the  chemical  relations  of  that  iicjuid  to  the  tis- 
sues with  which  it  is  brought  in  contact.  On  the  prin- 
ciples of  capillary  attraction,  a  liquid  will  readily  flow 
through  a  porous  body  for  which  it  has  a  chemical  af- 
finity, but  it  will  refuse  to  flow  through  it  if  it  has  no 
affinity  for  it.  On  tliis  principle  we  can  easily  explain 
why  the  arterial  blood  presses  the  venous  before  it  in 

What  principle  Hccounts  for  the  absorption  of  nutritions  matter  ? 
Does  the  heart  alone  cany  on  tho  citonlalion?    Give 
EhDW  ita  inEufiiciency. 


Hc^i^db,  Google 


tlie  systemic  circulation,  and  why  the  reverse  occurs  in 
the  pulmouavy.  This  explanation  of  the  circulation  of 
the  blood,  which  Professor  J.  W.  Draper  offered  many 
years  ago,  is  now  generally  admitted  to  he  true. 

The  syBtemic  circulation  takes  place  because  arterial 
blood  has  a  high  aifinity  for  the  tissues,  and  venous  blood 
little  or  none.  The  pulmonary  circulation  takes  place 
because  venous  blood  has  a  high  affinity  for  atmospheric 
oxygen,  which  it  finds  on  the  air-cells  of  the  langs,  and 
arterial  blood  little  or  none.  On  the  same  principle  ve 
may  explain  the  rise  of  sap  in  trees,  the  circulatory 
movements  in  the  different  animal  tribes,  and  the  minor 
oircalations  of  the  human  syeteia. 

The  most  striking  peculiarity  of  tlie  blood  is  the  in- 
cessant change  which  it  iindei'goes.  ft  is  constantiy 
being  destroyed  and  as  constantly  being  reproduced. 
It  consists  of  two  portions,  the  Plasma,  a  clear  fluid  of 
a  yellowish  tinge,  containing  albumen,  fibrin,  and  fat, 
and  in  it  floating  disk-like  bodies,  of  different  shapes  and 
magnitudes  m  diffeient  aiiimik  In  man  they  iiro  cir- 
cular, ^nd  ibout  ^-jVoth  oi  an  inch  in  diametei      In  the 


'^^^ 


of  an  inch  m-(Eameter,  and  nucleated     Tlip>  consist  of 

What  is  Dr.  Draper's  explanation  of  the  civculation  ?  Wliy  does 
tho  systomie  circulation  ljJ;o  place?  Of  what' portions  does  tlieblood 
consist?    Describe  a  blood  disk. 
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a  cell-wall  or  sac  of  a  substaiioe  like  fibiin,  containing 
in  its  interior  Hmnatin.  When  the  disks  are  old  and 
about  to  die,  the  interior  contents  change  into  JTcmia- 
phehie,  a  yellow  substance,  the  coloring  matter  of  the 
urine  and  bile. 

The  disks  serve  for  the  carrying  of  oxygen.  They 
absorb  it  in  the  aiv-colls  of  the  lungs,  and  transmit  it  to 
all  pai'ts  of  the  system.  As  they  grow  old  and  disap- 
])ear,  new  ones  are  formed  from  the  corpuscles  that  arise 
fi-om  the  chyle,  a  a  a,  Mg.  808.  The  plasma  seiwes  for 
the  purposes  of  nutrition  and  for  tbe  j-emoval  of  waste 
bodies. 

Although  fibrin  exists  in  plants,  it  is  not  absorbed  di- 
rectly, bnt  passes  through  an  allied  ibrm  known  as  al- 
bumitiose.  Albamen  and  casein  suffer  the  same  modi- 
fication. Besides  tbe  direct  proof  we  have  from  the 
analysis  of  these  bodies,  we  know  that  fibrin  and  albu- 
men so  closely  resemble  each  other  in  constitution  that 
they  are  mutually  convertible.  During  the  hatching  of 
an  egg,  from  its  albumen  the  flesh  (fibrin)  of  the  young 
chicken  is  formed — a  phenomenon  accompanying  ab- 
sorptionof  oxygen  from  the  fur.  In  the  human  system 
abundant  obseiwation  has  proved  that  there  is  a  direct 
connection  between  the  quantity  of  oxygen  introduced 
through  the  lungs,  and  the  amount  of  fibrin  in  the  blood. 
When  the  respiratory  process  is  unduly  active,  the  disks 
introduce  oxygen  with  rapidity,  and  the  amount  of  fibrin 
increases ;  but  when  the  reverse  takes  place,  the  amount 
of  fibrin  declines. 

The  coagulation  of  the  blood  is  a  phenomenon  which 
has  excited  much  attention,  physiologists  generally  look- 
ing upon  it  either  as  wholly  inexplicable,  or,  what  in  re- 
ality amounts  to  the  same  thing,  as  due  to  the  death  of 
the  blood ;  but  it  is  plain  that  coagulation  would  also 
occur  during  life  in  the  blood  were  it  not  for  the  cir- 
cumstance that  the  muscles  pick  out  the  fibrin  and  ap- 
propriate it  for  their  repair  as  fast  as  it  is  formed,  and 
before  it  can  solidify.  The  following  analysis  of  blood, 
is  from  Draper's  Physiology;  it  will  serve  to  give  an 
idea  of  the  constitution  of  that  liquid.     It  must  not  be 

What  is  their  function?    What  body  do  fibrin,  etc.",  change  into? 
What  is  the  relation  of  fibrin  to  albumen?     What  is  the  old  and 
what  the  new  hypothesis  of  coagulation  ? 
X2 
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forgotten,  liowever,  that  such  analyses,  fooy on d  mere  gen- 
eral results,  are  of  little  value ;  the  composition  of  the 
blood  varies  contiimally  in  the  same  individual :  for  in- 
stance, the  mere  accident  of  his  havnig  been  thirsty,  or 
having  recently  drank  abundantly  of  water,  will  make 
an  entire  change  in  the  analysis  of  the  blood. 
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LECTURE  XCI. 

Nature  of  Respira.tioh  and  Secektion. — Phenomena 
of  Respiration. — AoHon  in  the  Imngs. —  Changes  in 
the  Mood. — Production  of  Animal  Heat. — Removal 
of^eie  Mailers. — Composition  of  Milk. — Jls  Uses. 
— (jhyU. — Lymph. — jKmcms. — Pus. —  Sih. —  Saliva.' 
—  Gastric  Juice. —  Unne. — Diabetic  and  Aluminous 
Urine. — Calculi. — Bone. — Nervo^is  Matter. 
During  the  starvation  of  an  animal  all  its  various  se- 
cretions are  still  formed,  a  consideration  which  proves 
that  the  production  of  urine,  bite,  and  other  such  bodies 
is  in  reality  connected  ivith  the  destrnctive  processes 
going  on  in  the  animal  system.    These  processes  of  de- 
cay originate  in  the  action  of  oxygen  admitted  by  the 
process  of  respiration. 

The  lungs,  which  eonstitnte  the  organ  by  which  air  is 
introduced,  are  originally  developed  as  diverticula  from 
the  cesophagus,  and  finally  become  an  immense  congeries 
of  cells  emptying  into  the  trachea.  In  respiration  they 
are  generally  passive,  the  air  being  introduced  and  ex- 
pelled alternately  by  muscular  contraction  and  the  prin- 
ciple of  the  diffusion  of  gases.  It  is  commonly  estimated 
that  on  an  average  about  seventeen  inspirations  are 

What  la  tha  composition  of  the  blood  ?  What  ia  the  source  of  the 
secretiona?  How  is  this  prOTsd?  How  is  air  introduced  into  the 
body?    What  is  the  rale  of  inspiration  nnd  the  amount  introduced? 
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made  each  minute,  and  at  each  inspiration  abont  Beven- 
teen  cubic  inches  of  air  are  introduced. 

The  blood  presents  itself  in  the  air-cella  of  a  deep 
blue  color,  and  is  then  known  as  venous  blood.  Through 
the  thin  wall  of  the  cell  it  obtains  oxygen  from  the  air 
and  gives  ont  carbonic  acid.  During  the  act  of  change 
its  tint  alters  to  a  bright  crimson,  and  it  is  now  said  to 
be  arterialized,  or  to  constitwto  arterial  blood.  The  mag- 
nitude of  the  scale  on  which  this  operation  is  earned 
forward  may  be  appreciated  from  the  circumstance  that, 
in  a  man  of  average  size,  in  a  single  day  about  eeven 
tons  of  blood  have  been  exposed  to  226  cubic  feet  of 

The  oxygen  thus  introduced  acts  directly  either  on 
the  tissues  themselves  as  it  is  distributed  by  the  sys- 
temic circulation,  or  on  the  caloi-ifacient  material  con- 
t^ned  in  the  blood.  In  the  latter  case,  carbonic  acid 
and  water  are  the  result ;  in  the  former,  carbonic  acid, 
water,  and  ammonia.  But  these  changes  can  not  take 
place  without  an  elevation  of  temperature.  Carbon 
and  hydrogen  can  neither  bni-n  in  the  air  nor  in  the  an- 
imal system  without  evolving  heat.  The  high  temper- 
atare  which  an  animal  can  maintain  is  therefore  directly 
propoi-tional  to  the  quantity  of  oxygen  it  consumes. 

The  tissues,  being  thus  acted  upon,  give  rise  during 
their  metamorphoses  to  new  products,  which  require  to 
be  removed  from  the  system.  These,  passing  under 
the  name  of  secretions,  are  discharged  by  glands  or  spe- 
cia!  organs.  Thus  the  carbonic  acid,  for  the  most  part, 
escapes  from  the  lungs ;  the  ammonia  through  the  kid- 
neys; the  water  from  both  these  organs  and  the  skin. 
The  sulphates  and  phosphates  found  in  the  urine  arise 
directly  from  the  sulphur  and  phosphorus  previously  ex- 
isting in  the  muscular  fibre  and  nervous  matter. 

As  an  illustration  of  the  principles  here  given  in  rela- 
tion to  the  functions  of  nutrition  and  secretion,  the  con- 
stitution and  properties  of  milk  may  be  cited.  The  fol- 
lowing is  an  analysis  of  it : 

What  chango  does  the  blood  suffer  in  the  Jungs?  How  much 
blood  is  aerated  in  a  day?  What  heeomes  of  the  air  thus  intro- 
duced ?  What  is  the  cansu  of  Hnimal  lieat  ?  What  is  the  object  of 
elands?    What  is  tho  origin  of  the  sulphates  and  phosphates  found 
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Water 87^00 

Casein 4a00 

Sugar  of  Milk 44.00 

Butler S0.00 

Phosphate  of  Lime 3.30 

Other  salts 2.70 

1000.00 
Of  the  substances  liere  meutioned,  all  are  undoubted- 
ly obtained  directly  from  the  food.  In  the  herbage  on 
which  an  herbivorous,  milk-giving  animal  feeds,  every 
one  of  these  constituents  occur.  This  has  already  been 
shown  in  the  case  of  the  fat,  sugar,  and  casein;  and  the 
evidence  ia  equally  complete  that  all  the  salts  of  phos- 
phoric acid  and  chlorine  arise  froni  the  same  source. 

A  young  animaJ,  which,  in  the  first  periods  of  its  life, 
is  noarished  exclusively  on  millt,  finds  in  that  milk  all 
the  various  compounds  it  requires  for  its  own  existence 
and  growtb.  The  respiratory  food  is  there — it  is  the 
butter  and  mJlk  sugar ;  the  nitrogenized  food  is  there — 
it  is  the  casein ;  and  we  have  already  seen  that  albumen 
and  casein  are  both  converUble  into  fibrin.  The  casein 
thus  in  the  mother's  milk  becomes  converted  into  flesh 
in  the  young  animal.  To  insure  the  growth  of  its 
hones,  phosphate  of  hme,  bone-earth,  ia  present ;  there 
is  also  common  salt  to  form  the  hydrochloric  acid  of  its 
gastric  juice,  and  to  furnish  the  soda  needed  in  the  bile 
and  pancreatic  juice. 

It  remans  now  to  furnish  a  brief  description  of  the 
properties  of  tlie  remaining  leading  animal  substances, 
among  which  may  be  mentioned  the  following : 

Chyle  is  a  milky  fluid  found  in  the  thoracic  duct.  It 
resembles  blood  in  containing  floating  cells,  and  in  the 
power  of  coagulation.  It  originates  from  fatty  and  al- 
buminous matter  absorbed  by  the  Jacteals. 

Lymph  is  a  fluid  foimd  circnlating  throughout  the 
body  in  tho  lymphatics.  It  contains  fibrin,  which  arises 
from  waste  albuminous  matters  picked  up  among  the 
tissues. 

Mucus  exudes  from  the  surface  of  mucous  mem- 
braues.    It  is  of  a  white  or  yellow  color,  of  a  viscid 

GiTO  tho  comp^tion  of  milk.  What  is  the  origin  of  these  con- 
st.itnentsf  Why  is  milk  a  perfect  food?  What  are  the  phosphate 
of  lime  imd  salt  for?    Describe  chyle,  lymph,  and  mncus. 
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couBtifcution,  and  insoluble  in  water.  It  dissolves  in  a 
solution  of  potaasa,  and  is  precipitated  by  acetic  acid 
and  alcohol. 

Pus,  a  secretion  from  injured  surfaces,  resembling 
mucus  in  many  respects,  bat  distinguished  by  not  being 
soluble  in  potassa  solution,  but  converted  by  it  into  a 
gelatinous  body,  ■which  can  be  pulled  out  into  threads. 
Examined  under  the  microscope,  it  contains  white,  col- 
orless globules.  When  absoi-bed  into  the  blood,  pus 
appears  to  act  as  a  powerful  poison ;  it  is  a  vehicle  for 
the  most  virulent  animal  poisons,  as  those  of  glandere 
and  small-pox. 

Bile,  a  yellow  liquid  secreted  by  the  liver  from  the 
povtEil  blood ;  it  turns  green  in  the  air,  has  a  bitter 
taste,  and  an  alkaline  reaction,  due  to  the  presence  of 
soda.  It  contains  glycoeholate  and  taurocholate  of  so- 
da, choleaterine,  fat,  mucus,  and  coloring  matter.  The 
composition  of  glycoeholic  acid  is  {O^^H^^O-^^N);  of 
tanrocholie  acid  {Gs2'^^^0^^SiIif). 

Saliva  ia  a  transparent,  viscid  liquid,  secreted  in 
glands  in  the  neighborhood  of  the  mouth.  It  contains 
an  organic  principle,  p^o^/ne,  which  acts  as  a  ferment 
to  starch  and  sugar.  The  tartar  which  is  deposited  on 
the  teeth  consists  of  salts  of  the  saliva,  chiefly  phosphate 
of  lime,  cemented  with  animal  matter. 

Gasteic  Juice  is  a  secretion  from  the  macous  mem- 
brane of  tbe  stomach.  Its  essential  ingredients  are  hy- 
drochloric acid  sndip^sin,  and  its  function  is  to  dissolve 
jiitrogenized  food. 

Ukine,  a  yellow-colored  fluid  secreted  from  the  kid- 
neys, has  an  acid  reacfioa;  specific  gravity,  1.005  to 
1.030;  putrefies  at  a  moderate  temperature,  its  urea 
passing  into  tbe  condition  of  carbonate  of  ammonia. 
Composition  of  UHne. 

■Water 083.00 

Urea 30.10 

Uric  Acid 1.00 

Lactic  Acid  and  Extractive 17.14 

Mucns 00.33 

Salts  (mostly  phosphates  and  Eulpliatcs) 18.44 

1000.00 

■Where  does  pus  form?  What  ia  bile?  Give  its  eompositioii. 
What  is  the  object  of  saliva?  What  is  tavtar?  What  is  the  func- 
tion of  gastric  juice?    Give  the  composition  of  urine. 
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The  constitution  of  the  urine  e  _ 
Diabetes  it  contains  grape  sugar,  as  may  be  shown  by 
adding  to  a  small  quantity  of  it,  in  a  test-tube,  a  drop 
or  two  of  a  Bolution  of  sulphate  of  copper,  and  its  own 
bulk  of  solution  of  caustic  potassa.  A  blue  liquid  re- 
sults, which,  on  being  heated,  deposits  a  green  precipi- 
tate, turning  red  on  prolonging  tho  heating,  because  of 
the  formation  of  suboxide  of  copper.  Diabetic  urine 
may  even  be  fermented  with  yeast,  carbonic  acid  and 
alcohol  being  produced. 

Tho  specific  gravity  of  diabetic  urino  is  high,  as  may 
bo  ascert^ned  by  t}ie  aid  of  a  urhiometer,  J"' 


This  consists  of  a  a;Ksa  bulb,  prolonged  abo\  e  and  bo- 
low  into  a  tube  The  lower  tube  canies  a  smaller  bulb, 
partly  filled  with  mercury,  which  is  intended  to  act  as 
ballast.  The  upper  tube  contains  a  scale  divided  from 
1000  to  1060,  the  latter  figure  being  nearest  the  bulb 
that  is  lowest.  On  putting  such  an  instrument  into 
distilled  water,  it  should  float,  as  at  B,  so  that  the  level 
of  the  liquid  is  exactly  at  1000.  If  this  is  not  the  case, 
it  indicates  that  the  instrument-mater  has  put  too  much 
or  too  little  quicksilver,  as  the  case  may  be,  in  the  low- 
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er  bulb.  On  immersing  it  in  a  liquid  of  high  specific 
gravity,  it  floats,  aa  at  C ;  while  iu  diabetic  mine  the 
liquid  stands  at  some  intermediate  point,  as  seen  at  A. 
Albumen,  is  found  in  urine  in  Brighl's  disease,  and 
may  be  detected  by  heating.  A  white  precipitate  forms, 
insoluble  in  nitric  acid.  The  precipitate  of  phoaphatea 
foiTned  by  heating  is  soluble  in  that  acid.  Urine  may 
alao  contain  blood,  pus,  casts  of  the  uriaiferous  tubuli, 
etc.,  and  must  in  auch  cases  be  subjected  to  microscopic 


Ukinaky  Calculi  are  stony  concretions  formed  in 
the  bladder  of  man  and  many  animals.  They  are  of 
different  kinds:  1st.  Uric  acid;  2d.  Urate  of  ammonia ; 
8d.  Phosphate  of  lime,  magnesia,  and  ammonia ;  4th. 
Oxalate  of  lime,  or  mulberry  calculus;  6th.  Cystic  and 
santhic  oxides. 

Bones  consist  of  two  parts,  an  animal  and  an  earthy 
matter.  The  former  is  gelatin,  the  latter  phosphate  of 
lime  (bone-earth). 

Nbktous  Maiteb  oonaista  of  an  albuminous  sub- 
stance, with  several  fatty  principles,  distinguished  by 
the  remarkable  fact  that  they  contain  phosphorus,  which 
oxidizes  when  they  are  in  action. 

As  it  would  not,  however,  be  consistent  with  the  plan 
of  this  book  to  prolong  the  consideration  of  this  subject, 
and  become  involved  in  physiological  questions,  the 
reader  is  referred  for  farther  information  to  Di'aper's 
Physiology,  where  such  matters  are  fully  discussed, 

When  is  albumen  found  in  urine?  Howis  itdctcclcd?  What  is 
(he  composition  of  urinnry  calculi?  Wliat  is  the  composition  of 
bonG?    What  is  tlie  peeuliariiy  of  nervous  matter? 
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Absolute  alcohol,  407. 
Acetftl,  il9. 
Acetification,  419. 
Acelono,  423. 
Acetyle  compounds,  117. 
Acid,  acetic,  419. 
"     aconitjo  or  eqoisetic,  45n. 
"      aldeliydie,  418. 
"     ttllosanic,  451. 
"    althionic,  417. 
"    amygdalic,  443. 
■ "    ftnilio  or  indigotic,  46T. 
"     anthramlic,  167. 
"     aiitimonic,  SGI. 
■'     antimouious,  361. 
"     apoorenic,  470. 
"     apoglncic,  398. 
"     arsenic,  869. 
"     arsenious,  3oG. 
"  "         (csts  for,  S.^G. 

"  benzoic,  432. 
"  bolieic,  457, 
"  boraac,  302, 
"  butyric,  478. 
"  ca^otaunic,  467. 
"  caprie  and  eaproic,  473. 
"     carbaiotie,  467. 

"     carbolic,  478. 

"     carbonic,  295, 

"  "        liqnefaeiiou    of, 

2DJ. 

"     chloracedo,  422. 

"     chloric,  283. 

"     chlorous,  282. 

' '     chloroTEJeriaie,  433. 

"      chromic,  832. 

"      oluysiimmic,  4CS. 

"      chryaanilic,  467. 

"     clncbonie,  461. 

"     cinnamio,  430. 

"     citric,  4S6. 

"     coraenic,  4G0. 

"     creme,478. 


"  chiidic,  h± 

"  cllagic,  4G8. 

"  ethalie,  473. 

"  etfi  ionic,  417. 

"  fenic,  344. 

"  fluoborio,  303. 

"  flnosilicic,  304. 

"  formic,  428. 

"  falminic,  444. 

"  fumftric,45G. 

"  gallic,  372. 

"  geic,  478. 

"  gliicic,  308. 

■'  hippnric,  43G. 

"  liumic,  478. 

"  hvdriodic,  3S8. 

"  hjdrobroraic,  200. 

"  hydrocbioric,  283. 

"  hydrocyanicj  441. 

"  bjdroferrocjanic,  446. 

"  hydrofluoric,  291. 

"  hydroflnoailicic,  305, 

' '  hj-dromellonic,  449, 

"  hydrosiilphocvanic,  449. 

"  hydroBulphnric,  271. 

"  bypochloric,  283. 

"  hypochlorous,  281. 

"  byponin-ODs,  361. 

"  hypophosphorous,  275. 

"  hyposnlphnrouB,  271. 

"  isatinic,  467. 

"  isetliionic,  417. 

"  japonic,  4. W. 

"  kakodylic,  425. 

"  lactic,  409. 

"  lithic,  450. 
"     maleic,  45(i 
"      malic,  466. 
"     manganic,  338. 
"     raargaric,  470. 
"     meconic,460. 
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iid,  melanic,  438. 
'      mcldBimo,    93. 

mcBOialK,  451. 

metagallic,  45  S. 

metaphosphoric,  27G. 

methionic,  417. 

mucic,  401 

mnnabc,  283. 

mjkomeliiiic,  451. 

myrutic,  473. 

niWobydrocliloric,  286. 
nitrous,  2G1. 
cenanthio,  413. 
oleic,  471 
oxalic  3^8 
oxalhydnc,  400. 
oxalunc,  4S1. 
palniitit,  473. 
paralianic^,  45 1 . 
paramoleii,  456. 
jiaratartanc,  454. 

■  peolic,  896 

■  porchloiic,  383. 
permanganic,  339. 

■  plienjlic,  478. 

■  phospiioglycevic,  473. 
phosphofie,  276. 
phosphorous,  2T.'). 

■  phosphoTinic,  414. 

'     piciic  at  cirbaaotic,  467. 
'     pinic,  sylvic,  and  pinmL'ii 
475 

propionic,  472. 

piuGsic,  441. 

parpune,  453. 

pvrofcallic,  468. 
,    pjioligneous,  419. 

pTromeconie,  461. 

pyvophosphoric,  276. 

pyrotartaric,  455. 
'    racemic,  454. 
'     rhodizonic,  400, 
'■    nibinic,  457. 
'     sacchanc,  400. 
'     BaccliHimic,  338. 
'     salicylic,  4^7. 


Add,  sulphamylic,  438. 
sulphindigolic,  467. 
suipho'benzoic,  434. 
sulphocyanic,  448. 
aiilphoglyceiic,  4^. 
sulphomcCbylic,  423. 
snlphomephalio,  477. 
GulphosRccharic,  397. 
sulphovinic,  413. 
sulphuric,  269. 
sulphurous,  267. 
tannic,  466. 
tartaric,  453. 

uliHic,  397,  478. 


"    lalerianic,  433. 

'i     Tuletic,  431. 

"     xanthic,  424. 
Acids,  coupled,  455. 
AconitioB,  462. 
Adipocire,  483. 
Affinity,  chemical,  21S. 
Air-pump,  246. 
Albumen,  485. 

"        vegetable,  484. 
Albuminose,  489. 
Alcargen,  425. 
Alchemy,  1. 
Alcohol,  407. 
Aldehyde,  418. 
Alkaloids,  46& 
Alku^ine,  426. 
Allantoin,  450. 
AUotropism,  211. 
Alloxan,  451. 
AllQxantine,  461. 
Alumina,  383. 

"       sulphates,  335. 
Alnmintiin,  332. 
Alurag,  385. 
Amalgamation  process,  373. 


c,303. 


Amber,  475. 
Amidine,  393. 
Amidogen,  305. 
Ammelin  and  ammelid,  448. 
Ammonia,  carbonate,  440. 

"         nitrate,  440. 

"         preparation  and  prop- 

"         Bulphaio,  440. 
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Ammoniacal  araaleam,  307,  i40. 

Baryta,  sulphate,  326. 

Ammonium,  307,  440. 

Basil  Valentine,  2, 

chloride,  440. 

Bassorine,  396. 

sulphide,  441. 

Battery,  electrical,  1S7. 

Arajgd  aline,  44^. 

"       Voltaic,  151. 

Amjlo  compounds,  430. 

Bell  metal,  364. 

Anijlene,  432. 

Bennamido,  434. 

AmylHm,  391. 

Benzine,  435,  480. 

Ameathetic,  410, 429. 

Benzoino,  435. 

Auatto,  tee. 

Bonzone,  435. 

Aneroid  barometer,  SG5. 

Benzoylo  compounds,  433. 

Aniline,  463. 

Bezoar.^,  Oriental,  458. 

Animal  chemistry,  480. 

Bile,  493. 

Antearine,  462. 

Biscuit- ware,  834. 

Anthracite,  479. 

Binary  hypothesis,  !2S. 

Antimony,  360. 

Bismuth,  367. 

chloride,  301. 

nili'ato,  S67. 

oxide,  861. 

"       oxides,  367. 

Bitumen,  470. 

Ancozono,  229. 

Bleaching  powder,  830. 

Aqua  regia,  286. 

Blood,  composition  of,  490. 

Arahine,  396. 

Boiling  points  of  fluids,  45,  66. 

Arc,  Toltaio,  106. 

Bone-earth,  330. 

Acgol,  408. 

Aricine,  461. 

Boron,  SOI. 

"     nitride,  302. 

Arsenic,  855. 

Bouquet  of  wine,  40C. 

"       sulphides.  860. 

Brass,  3G4. 

Arterinlization,  491. 

Breguet's  thermometer,  Sa 

Bright's  disease,  495. 

British  gum,  393. 

Bromine,  preparation  and  prop- 

of, 214. 

erties  of,  289. 

Atmospheric  pressure,  245. 

Brucia,  462. 

Atomic  weights,  193. 

Brush,  electrical,  137. 

"      theory,  4. 

Burninp-glass,  92. 

Atoms,  4- 

Bunscn's  battery,  155. 

'Atropine,  462. 

Butyriiie,  478. 

Attraction,  126. 

Aurora  musiTum,  351. 

C. 

Azoic,  241. 

Cadmium,  340. 

compounds  of,  349, 

B. 

Ca;sium,  96,  323. 

Balloon,  16. 

Cafleine,  462. 

Balsam,  476. 

Calcium,  327. 

Barinni,324. 

■'       chloride,  328. 

"       chloride,  325. 

"       fluoride,  828. 

"       osides,  325. 

"       sulphide,  328. 

"       sulphide,  325. 

Calculi,  urinary,  495, 

Barley  sngar,  393. 

Calomel,  372. 

Barometer,  253. 

Baryta,  325. 

Calorimotor,  164. 

"      carbonate,  326. 

Camphor,  474. 

Hc^i^db,  Google 


500  INT 

Campliov,  anilicial,  474. 
Candle-bomb,  50. 
Caoutchouc,  475. 
Capacity  for  heat,  31, 
Caproine,  472. 
Cantmel,  S9i. 
CarboD,  391. 

"      ohloiides,  41(1. 

"      compounds  with  oxygen, 


Carbyle,  sulphate  of,  il7. 
Carmine,  468. 
Carthamlne,  4GG. 
Casein,  483. 

"      vegetable,  435. 
Cassava,  S93. 
Cast  iron,  341. 
Catalysis,  217. 
Catediin  and  Catechu,  457. 
Cedriret,  477. 
CallDloae,  39  G. 
Cerioe,  473. 
Cerium,  836. 
Chameleon  mineral,  S3i). 
Charcoal,  properties  of,  293. 
Chemietiy,  history  oli  1. 
Chloral,  423. 
Chloric  acid,  2S3. 
Chlorine,  378. 

"       compounds   with   oxy- 
gen, 281. 

"       preparation  and  proper- 
ties of,  278. 
Chlorisatine,  467. 
Chlorobenzide,  438. 
Ohlorooinnose,  355. 
Chlocoibrm,  429. 
Chlorophyll,  468. 
Chlorosamide,  438. 
Chlorous  acid,  382. 
Chlornreted  acetic  ether,  423. 
"  formic  Qtlier,  423. 

Chrome  yellow,  363. 
Chromic  acid,  salts  of,  353. 
Chromium,  361. 

Chjle,  492. 
Chyme,  i82, 
Cinchonia,  461. 
Cinmibar,  873. 


Cinnamyle  compounds,  438. 

Circle,  Voltaic,  148. 

Circulation  of  blood,  487. 

Clay,  838. 

Clay  iron-stone,  340. 

Coagulation,  489. 

Coal,  479. 

oil,  477. 
Cobalt,  347. 

character  of  sails  of,  347. 

chloride,  347. 

oxalate,  347. 

oxides,  347. 
Cohaltocyanogcn,  448. 
Cocoa  tallon-,  472. 
Codeia,  460. 
Cu  lies  ion,  G. 
Colchicine,  4G2. 
Cold  i-ays,  7!). 
Collodion,  121,  401. 
Colloid,  S'JO. 
Colophony,  375. 
Coloring  princi|ilcs,  465. 
Colors,  103. 
Columbia  m,  854. 
Combination  by  rolumes,  302. 

"  laws  of,  199. 

Combining  numbers,  193. 
Combustion,  383. 

"  furnace,  32C. 

Compound  bar,  28. 

"         radicals,  879. 
Condensation  of  gases,  52. 
"  of  yapol^^,  54. 

Condnciion,  68,125, 

"  in  crystals,  72. 

Congress  Spring,  340, 
Conine  or  Conia,  463. 
Conservation  of  force,  9. 
Copper  868 

allojs  of  364. 

carbonates  364. 


sulphate  "bt. 
Correlatonoffo  oe  9. 
Corros  ve  suH  mat     372. 
Creasote,  477- 
Crownof  cups,  151. 
Cmickshank  B  Iinlter;',  151. 
Cryophorns,  CO. 
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156. 


Crystallization,   Crystal lograplij, 

204. 
Crystalloid,  390. 
Culinary  paradox,  &tl. 
Cupellatioii,  368. 
Cyanogen,  300, 441. 

"         chlorides  of,  446. 
Cystic  oxide,  453. 
D. 
Dnguorreotype,  120. 
Dolton's  theory,  4. 
Dammara  reaiji,  475. 
Daniell's  battery,  153. 
Daphnine,  463. 
Daturine,  4G2. 
Davy's  theory,  3. 
Decomposition  o 
Delphinine,  463. 
Dentoside  of  nitrogen,  360. 
Developers,  123,  430. 
Dew,  85. 
Dew  i>oint,  G3. 
Dextrine,  392, 
Diabetes,  494. 
Dialj^B,  390. 
Diamagnetism,  1T6, 
Diamond,  291. 


DiaDium,  S3T. 
Diastase,  392. 
Diatheimacy,  81. 
Dicynnomelanilinc,  383. 
Di^minm,  33T. 
Dielectrics,  142. 
Differential  (hetmometer,  18. 
Diffusion  of  gsse!;,  265. 

"        of  liquids,  390. 
Digestion,  481. 
Dimorphism,  209. 
Disks,  487. 
Dispersion,  93. 
Dragon's  blood,  475. 
Draper's  photometer,  SI. 

"       reseai'ches  on  light,  111. 

electrieitj',  186. 
Drummond  light,  234. 
Dnfay's  theory,  136. 
Dutch  liquid,  415. 


Eai'tlien  ware,  manufacture  of,334. 
i;bonite,  475. 
Ebullition,  53. 
Elaidine,  472. 
Ulaldehyde,  418. 
Elaterine,  462. 

Electricity,  action  of  on  magnet, 
172. 
animal,  188. 

"  conduction  of,  125, 

"  of  steam,  Ue. 

"         Statical,  134. 

"         Voltaic,  147. 
Electro-chemistry,  160. 
Electrolysis,  162. 
Electrometers,  140. 
Electrotype,  162. 
Electrophorns,  14  G. 
Emetine,  463. 
Emulsine,  443. 
Equivalent  numbers,  198. 

'  "        Ubleof,193, 


Essences,  473. 
Ethal,  4T8. 
Ether,  409. 

"      hydvochlovic,  411,  433. 
Ethers,  compound,  411. 
Ethoriiio  and  Ethorole,  416. 
Ethyle  group,  411 
Endiometer,  243. 


1,  470. 


Evaporatioi 


at  low  lemperatate, 


Faraday's  theory  of  poli 

142. 

Tatty  bodies,  469,  483, 
Fermentation,  acetous,  405. 

"  alcoholio,383,403. 

"  lactic,  404,  409. 

Farricyanogen  compounds,  447. 
FevTOcyanogen  compounds,  446. 
Fibrin,  485. 
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Fibrin,  vegetable,  484, 

Fire  BjTinge,  37. 

Fixed  air,  219. 

Flame,  stcucktre  of,  70, 113,  337. 

Fluoride  of  boron,  308. 

Flnorino,  290. 

Foot-pound,  11, 

Formometliylal,  492. 

Franklin's  theory,  185. 

Freezing  mixtures,  43. 

"        of  water  by  evaporation, 
61. 


G. 
Gralvanism,  147. 
Galvanometer,  187. 
Gamboge,  466,  475. 
Gasometer,  220. 
Gastric  juice,  4S3. 

Geisaler's  tubes,  1S3. 
Gelatin,  486. 
Geiose,  396. 
Gentianine,  462. 
Geoffrey's  tables,  8,  215. 
Glass,  manufacture  of,  3S4. 

"     Boluble,  385. 
Glucinnm,  33S. 
Glucose,  395. 
Glycerine,  473. 
Gold,  373.  ■ 

"     compounds  of,  373. 
Goniometers,  208. 
Goulard's  water,  421. 
Graphite,  292. 
Gmvit;,  specific,  of  gases,  3 
Green,  Scheele's,  856. 
Grouping,  196. 
Grove's  battery,  154. 
Gum,  Arabic,  396. 

"     British,  893. 
tragacanth,  396. 


Gun-c 


),  401. 


Gunpowder,  318. 
Gntta  percba,  47C. 
Gypsum,  339. 

H, 
H^mapheiii,  489. 
Iliemstin,  489. 
HtemHtite,  340. 


xyline,  466, 
alts,  19E. 
Hare's  blowpipe,  233. 
Heat  affects  measures,  13. 

animal,  481. 

capacit);  for,  81. 

conduction  of,  G8. 

dynamic  theory  of,  11. 

exchanges  of,  63. 

expansion  by,  13. 

latent,  89. 

produced  by  electricitf,  145. 


"    varieties,  of,  8 
Hesperidine,  462. 
Homologous  series, 
Hydrobenaamide,  434. 
Hydro 


Hygrometi 


moniureteJ,  362. 
arseniui-eled,  860. 
light  carbureted,  29S. 
peroxide  of,  340. 
persulphide  of,  273. 
phosphnreted,  277. 
preparation  and  prop- 
erties of,  2H9. 
sulphurated,  271. 
r,  Daniell's,  68. 
Saussure's,  63. 
"  wetimlb,  64. 

Hygrometiy,  63. 
Hyoscyamine,  463. 
Ilyponittous  acid,  261. 
Hyposulphurous  acid,  371. 

I. 
Ice,  341. 
Dmenium,  854. 
loca  Indians,  17. 
Indestruclibililj'  of  matter,  9. 
Indift-rnbbor,  475. 
Indigo,  466. 
Indium,  S3T. 
Indiiction,  129. 
Inlerievence,  103. 
Interstices,  4. 
Inuliae,  393. 

Iodine,  preparation  and  proper- 
■     of,  286. 


Iridiu: 


,375. 


1,  340. 
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Iron,  carbonate,  345. 

"    cast,  varieties  of,  341. 

"    characters  of  salts  of,  SH. 

"    chlorides,  345. 

"    manufacture,  340. 

"    oxides  of,  343. 

"    passive,  342. 

"    salpbflWS,  346. 

"    sulphides,  845. 
Isatine,  467. 
Isometism,  211. 
Isomorphism,  210. 

K. 
Kakodyle  and  its  compounds,  424 
Kakoplatyle,  463. 
Kapnomar,  477. 
Eermes  mineral,  363. 
Kerosene,  480. 
Koumiss,  395. 
Kyanol,  463. 


Lae,  475. 
Lacteals,  482. 
Lactine,  393. 
Lampblack,  202. 
Lamp,  safety,  71. 
Lanthanum,  336. 
Latent  heat,  39. 
Laughing-gas,  269. 
Laws  of  combination,  190. 
Lead,  365. 

"     action  of  w 
"    alloys  of,  3f 
".    carbonate,  366. 
"     characters  of  sells  of,  366. 
"     chloride,  366. 
"     iodide,  3136. 
"     nitrate,  307. 
"     oxides,  36G. 
Leaven,  403. 
Lecanotine,  462. 
Lwocome,  893. 
Lenko],  461. 
Leyden  jar,  136. 
Light,  cause  of,  87. 

"     chemical  action  of,  116. 
"     reflection,  lefiaction,  am 
polarization  of,  108,111 
_"_   wave  theoiy  of,  100. 

Lignite,  479, 


1,365. 


xalati 


400. 


"     phosphati . 
' '     salts,  characters  of,  32S 
"     sulphate,  829. 
Liquor  of  LilMtvius,  881. 
Lithium,  333. 
s,  467. 

Liquids,  expansion  of,  19. 
conduction  of,  73. 

photography,  116. 
Ljmph,  492. 

M. 
Machines,  electrical,  137. 
Madder,  455. 

Magdehni^  hemispheres,  248. 
Magenta,  4C4. 
Magnesia,  331. 

"        carbonate,  331. 

"        characters  of  salts 


of, 


phosphate,  832. 
sulphate,  332. 
0,  pi'oparation  and  prop- 
erties of,  330. 
Magnetic  field,  177. 
Magnetism,  168. 
Magnets,  artilicinl,  168. 
Magnato-electrieity,  180. 
Malachite,  364. 

Manganese,  characters  of  Baits  of, 
339. 
"  chloride,  339. 

"  oxides,  338. 

"  preparation  and  prop- 

"  sulphate,  340. 

Marcet's  boiler,  52. 
Margarine,  470,471. 
Margarone,47l. 
Marine  glue,  476. 
Marriotte's  law,  60,  257. 
Marsh's  test  for  arsenic,  358. 
Manve,  463. 
Maximum  density,  24. 
Mceonine,  462. 
Medicated  tubes,  132. 

waters,  473. 
Melam  and  melamine,  448. 
Mellone,  449, 
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Melting  points,  30. 
Mercaptan,  *I3,  430. 
Mercury,  371. 

"       charaotei's  of  salts  of, 


Nitrobenaide  43G 
Nitrogen  chlonde    83. 

c      pou  da  with  oxy- 


"        nitrates,  872. 

"       oxides,  3TJ. 

"        sulphates,  873. 

"       Eulphides,  872. 
Mesityla,  433. 
Metaldehyile,  418. 
Metal,  fnsibie,  39,  367. 
Metals,  geticral  properties  of,  309. 

"     clussifioation  of,  310. 
Methyio  compounds,  136. 
Methjletliylamylophenylitim,  383. 
MlCToeosniio  salt,  832. 
Milk,  composidon  of,  492. 
MindereruB  spirit^  431. 
Mineral  chameleon,  839. 

Moir&  metallique,  351. 
Molybdenum,  854. 
Moon  photographed,  116. 

Mordants,  465. 
Morphia,  4E9. 
Morse's  telegraph,  175. 
Mosaic  gold,  251. 
Macilage,  396. 
Kncas,  492. 
Multipliers,  173- 
Merexan,  453. 
Mure^de,  463. 
MuscoTado  sugar,  303. 
MjriciQO,  473. 

N. 
Naphtha,  477. 
Naphthaline,  477. 
Narceia,  460. 
Narcotina,  460. 
Negative,  121. 
Nerrons  substance,  495. 
Nickel,  846. 

"      sulphate,  MG. 
Nicotine,  462. 
Nihil  album,  848. 
Niobinm,  8S4. 
Nitric  acid,  E63. 

-     — ■     of,  3. 


ms.  ac  d    01 
oxide   'o8 
Nomenclature,  8, 191. 
Norium,  854. 
Natmeg  batter,  472. 
Nutrition,  function  of,  481. 

O. 

CEnanthic  ether,  413. 
Ohm's  theory,  165. 
Oil  of  bitter  almonds,  433. 

c^eput,  473. 

cinnamon,  473. 

copaiva,  473. 

horseradish,  4T3. 

lavender,  473. 

lemons,  473. 

mustard,  473. 

peppermint,  473. 

rosemary,  473. 

spii'iea,  437. 

storax,  478. 

turpentine,  474. 

vitriol,  preparation  of,  369. 

wine,  heavy,  415. 
Oils  and  fats,  469. 

palm  and  cocoa,  473. 
volatile,  478. 
Olefiant  gas,  399. 


Orel 


3,  471. 


classification    of, 


Oxalates,  399. 
Oxametliaiie,  412. 
Oxamide,  412. 

Oxygen,  preparation  aud  proper- 
■  ;s  of,  312. 
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OsyhydiOKcn  blowjiipe,  233. 

Potassa,  31."i. 

Ozone,  228. 

"        bicarbonate,  317. 

P. 

hisu]pbate,317. 

carbonate,  317, 

Pallndinw,  373. 

"        chlorate,  318. 

Pfllmitine,  473. 

hydrate  of,  31.'i. 

Palm  oil,  472. 

nitrate,  818. 

Papiu'a  digester,  64. 

"        oxalate,  399. 

Paracyaaogen,  441. 
Parafflne,  476,  480. 

"        sails,  tests  for,  316. 

sulphate,  317. 

Paranaphthaliiie,  477. 

Polaaainm,  chloride  of,  317. 

"         iodide  of,  317. 

Pascal's  expeiimont,  254. 

"        peroxide  ot;  316. 

Pectins,  896. 

"         preparation  and  proji 

Pelopinm,  354. 
Fercliloric  acici,  283. 

ertissof,S13. 

snlphidcsof,  816, 

Petroleum,  470. 

Potato  oil  and  its  compounds,  431 

Pewter,  351. 

Printers'  ink,  409. 

Phene,  435. 

Prism,  93. 

Phlogistic  theoiT,  T. 

Protein,  4HC. 

PhlocMane,  4S2. 

Prnssian  Uae,  447. 

Pulse  glass,  61. 

Phosphori,  114. 

Purple  of  Cassiiis,  373. 

Pus,  493. 

PhosphorRS  compounds  with  oxy- 

Putty powder,  350. 

gen,  275. 

Pyroacetic  spirit,  422. 

' '         m'ei>aration  nnd  prop- 

Pyrometer, 26. 

erties  of,  373. 

"         Daniell's,  30. 

Pyroxylic  spirit,  427. 

PhotOEraphy,  113- 

Pyroxyline,  401. 

Q. 

Ficamar,477. 

Picrotoxine,  462. 

Pile,  Voltaic,  151. 

Quercitron  barl;,  4615. 

Piperine,  4G2. 

Quicksilrer,  371. 

Pitch,  47C. 

Quinia,  461. 

Pit  coal,  473. 

Quinoidine,  4fil. 

Pittacftl,  477. 

yoinoline,  464. 

Plasma,  487. 

Platinnm,  874. 

black,  875. 

Radiation,  76. 

cliloi-ide,  375. 

imcrftili:^!,  IL',  OR. 

oxides,  37.% 

Eaphidos,  400. 

"        power  of  determining 

linvs  of  the  sun,  diemicnl.  1  IK. 

union  of  ^see,  874. 

Realgar,  860. 

"        spongy,  874. 

Reflection,  law  of,  110. 

Plumbago  or  gnq>hite,  293. 

Uefj:flction,lawof,  no. 

Pnenmntie  trough,  219. 

Kegelation,  44. 

Polarization  of  light,  108,  394. 

Reiiisch's  test,  357. 

"          of  heat,  86, 

Repulsion,  120. 

Popnlirc,  462. 

Resins,  470. 

Porcclnin,  mnnnfaeturc  of,  334. 

Respiration,  251,490. 

PoMtive,  121. 

Rlicostat,  167. 
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Rhodinm,  375. 

Specific  heat,  31. 

BochcUe  salts,  434. 

Rouge,  46C. 

Spectra,  08. 

Knbidium,  9C,  324. 

Spectres,  117. 

Rl.dberg'9  law,  15. 

Spectroscope,  97. 

Ituhmkotffa  coil,  181. 

Spectrom,  solar,  93. 

Rupert's  drops,  33. 

Spei'maeeti,  473.    ' 

Spheroidal  state  of  water,  57. 

Spirffianlmaria,oiiof,437. 

Sacohulmine,  Sna 

Spirit  of  wine,  408. 

Safetj-jet,  Hemming'B,  71. 

Starch,  391. 

SafetV'lanip,  71. 

Steam,  elastic  force  of,  SB. 

Sago,  392. 

"      engine,  55,  66. 

Salicina,  437. 

Steavine,  470. 

Salicyle  compounds,  437. 

Stearopten,  474. 

SaUva,  49a 

Steel,  342. 

SchoelE's  ureen,  350. 

Strontia,  326. 

Secretion,  490. 

"        nitrate,  327. 

"       sulphate,  337. 

Selemum,  273. 

amoou,  303. 

Silver,  3S7. 

"      ammoniuref,  370. 

"      characters  of  salts  of,  369. 

Sucrose,  808. 

"      chloride,  369. 

Sugar,  cane,  S9a 

"      Gorman,  84G. 

"     eucalyptus,  S9G. 

"     iodide,  369. 

"     from  ergot  of  rye,  396. 

"     nitraW,  869. 

"     grape,  393. 

"      oxides,  860. 

"     of  lead,  421. 

"     plating,  163. 

"     of  milfc,  395. 

"      sulphide,  3C9. 

Salphobenzide,  436. 

Silvering  on  glass,  870. 

Smalt,  347. 

Smeo's  battery,  153. 

267. 

Snow  crystnJs,  286. 

Soaps;  saponiacfttion,  470. 

265. 

Soda,  biborate,  323. 

'•       properties  of,  361. 

li  ..a  bonate,  821. 

tarbonate  321. 

Sulphuric  acid,  269. 

hydiate  330. 

nitrate  822. 

Sun,  atmosphere  of  the,  05. 

phosphates  of,  322. 

Symbols,  195. 

sulphate  42,321. 

"       tabic  of,  193. 

water  29& 

fwdinm,  clilovide,  32a 

Synaptaae,  443. 

prepartion   and  iiioper- 

System,  ciTStallogriiphica),  3U4. 

ties  of,  aiy. 

Solanine,  462. 

T. 

Solder,  a^l. 

Tapioca,  393. 

Spark,  145. 

T,xi-,varielicsof,  476, 

Specific  grariLv,  203. 

Tartar,  cream  ot;  4j4. 

,<ii,vCoogk' 


la         m         4  4 

Vnpoi's,  nature  of,  4G, 

rlB=    p       1      ed  glass,  IIG. 

Vaporization  at  low  temimralure, 

Tellu     n    36 

laws  of,  47. 

Thalhun    887 

VarrBntrappandWill'sbul[)s,38» 

rh  ba  a  4G0 

Vemtime,  462. 

rhoine  4G 

Verdigris,  421. 

Tl     b    m    e  4r 

Vermilion,  373. 

11    -nio-elft          y  183. 

Vinegar,  419. 

n     mo-elec    c  p  le,  82. 

Vitriol,  blue,  364. 

Tl   rmome  e    Breguet,  SO. 

"      green,  345. 

ii3truclioiit)f,20. 

'■      oilof,  26y. 

ddft    ontial,  18. 

"       white,  345. 

"              Banctorio's,  16. 

Voltameter,  IG*. 

"            scales,  21. 

Volumes,  combination  by,  202. 

Tliorium,  38a 

Tin,  849. 

"   chloride,  860. 

W. 

"   oidde,350. 

"   snlphide,  351. 

Tinplale,351. 

Waves,  length  of,  107. 

Titanium,  355. 

Wax.  473. 

Toning,  122. 

Win^  40G. 

Tovpedo,  188. 

Wire  gauze,  70. 

Torula,  403. 

Wood  ether,  426. 

Tcado-winds,  75. 

"     Kpirit  and  its  eonipounila 

TraUBverse  vibrations,  103. 

13G. 

Tungsten,  354. 

Woody  !ibrc,  ;itlG. 

Turmeric,  46G. 

X. 

Tnrpetb  mineral,  372. 

Tjpe  metal,  362. 

Xaiithic  acid,  434. 

Tjr^s,  chemical ,  370, 

"       oxide,  4.';3. 

Xantliophyllino,  4CS. 

U. 

Xjloidlne,  401. 

Ulmine,  397,  478. 

Y. 

trndnlatory  theory,  100. 

Uramila,  462. 

Ye:isl,  403. 

Uranium,  354. 

Yttrium,  33G. 

Urea,  445,  449. 

Z. 

Urinary  calculi,  495. 

Znili'e,  347. 

Urinomotcr,  494. 

Zamboni'a  piles,  142. 

Zinc,  S47. 

V. 

"     osido,  S18. 

Vanadium,  as3. 

"    silicate,  348. 

Vapor,  elastic  force  of,  50,  68. 

"     snlphate,  348. 

Vapora,  dsnsiry  of,  fiO. 

Zirconimn,  3.".5, 

THE 

END. 

Hc^i^db,  Google 


Hc^i^db,  Google 


